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Telex in Private Wire Systems 


Examination into the suitability of Telex circuit switching apparatus for private wire 
services involves comparisons with message switching equipment and its capabilities. It appears 


that ci 


uit switching apparatus is less complex and therefore easier to maintain, but that more 


circuit facilities are required with Telex. For message switching, on the other hand, although 
switching center equipment is more complicated, employment of circuit facilities is more 


eficient. 


Tris PAPER discusses the application of 
the circuit switching principles of Western 
Union's new Telex exchange equipment 
to meet the private wire system needs of 
large telegraph users who require i 
stantaneous and direct communication 
between a number of distant offices located 
throughout the country. A private circuit 
switching system such as this, planned to 
meet specific customer requirements, can 
offer in some cases a superior and more 
economical communications network than 
а message switching system. 

The application and operation of a 
private system of this kind would be 
almost identical to that of the Telegraph 
Company's new automatic dial teleprinter 
exchange service, known as Telex, which 
is now being provided between New York, 
Chicago, San Francisco, Los Angeles and 
to 36 exchange areas throughout Canada. 
The new subscriber-to-subscriber service 
will be extended to 44 U.S. cities in 
1960-61 

In order for you to appreciate fully the 
potentialities of a circuit switching system, 
I would like to explain the operation of 
Telex, the over-all system layout and the 
modern teleprinter exchange equipment 
which sets up long-distance connections 
than 10 seconds. Also, I would like 
scribe how the characteristic answer- 
back feature is used to confirm that the 
proper dial connection has been made and 
that transmission—even to unattended 
stations—is being correctly received by 
the distant teleprinter. I am sure you will 
recognize the possibilities which are 
offered in one basic system for handling 


А paper presented at the Annual Meeting of The Petroleum 
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Figure 1. Telex subscriber's set 


either telegraph or data, as well as for 
automatic connection outside of the pri- 
vate system to any of the subscribers in 
the regular Western Union Telex network 
and to our many message refile points. 


ivate Wire Systems 


I should like first to review briefly the 
present-day private wire systems in gen- 
eral use which heretofore have been in 
the broad category of message storage or 
а message relaying type of system. For 
many years the Telegraph Company has 
furnished and maintained for many com- 
panies privately-operated telegraph sı 
tems which have been especially planned 
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to carry the bulk of their communications 
between distantly located offices. In the 
beginning, these were all manually-oper- 
ated systems and some were started as 
early as the Morse era and later were 
converted to teleprinter operation. In the 
following years, the demand has been for 
automatic operation and for increasingly 
higher teleprinter speeds to handle greater 
traffic volume, and now in some systems 
provision must be made for high-speed 
data transmission as well. 

Where more than one telegraph circuit 
has been involved, these systems have 
invariably followed the basic message 
relaying principles used by the Telegraph 
Company for handling public telegrams. 
‘The message system follows the general 
form of filing the telegram at an originat- 
ing point for transmission to one or more 
intermediate relay offices, which in turn 
retransmit the message over another cir- 
cuit to its ultimate destination. With the 
advent of automatic equipment at relay 
offices or centrally located switching 
centers, this technique of handling mes- 
sages has become known as a “message 
storage” system to differentiate it from 
the circuit switching principle described 
in this paper. 

In message storage systems, there have 
been many advancements over the years 
which have speeded up and reduced the 
cost of handling messages at switching 
center locations, and savings in operating 
personnel are almost at an irreducible 
minimum. This has been accomplished 
principally with reperforator tape systems 
where either the tape is torn and retrans- 
mitted on another circuit or a push button 
is pushed for reswitching each message, 
or by fully automatic systems which read 
the routing characters in the tape preced- 
ing each message and automatically switch 
the message without manual intervention. 
Also, there are continuing developments 
оп message storage systems where the 
individual reperforator tape storage at 
incoming receiving and outgoing sending 
positions is replaced by a random access 
“common store” in which the incoming 
line signal pulses are stored in magnetic 
tape, magnetic drums or ferrite cores, and 
130 


are later retransmitted to the proper out- 
going circuit. 

‘The operating savings which have been 
made in switching centers of automatic 
message storage systems have been effec- 
ted with highly developed and expensive 
automatic equipment. However, the ver- 
satility of these systems has permitted 
greater efficiency in the use of line facil- 
ities, and the higher equipment cost is 
offset somewhat by the ability to place a 
greater number of offices or drops on one 
circuit, thereby reducing the required 
equipment terminations at the switching 
center, 


A Brief Comparison 


The cost for equipment as well as for 
labor has continued to rise over the years 
while, on the other hand, due to the 
microwave and coaxial cable expansion, 
there has been a corresponding increase 
in the availability of line cireuit faciliti 
This situation now makes it desirable to 
consider the operating features and econ- 
omics of both types of systems—message 
storage or circuit switching—when plan- 
ning new automatic private wire com- 
munications networks. A brief comparison 
of the two systems is as follows: 

A. The message storage system, be- 
cause of its character-by-character oper- 
ating functions, requires rather complex 
switching center equipment and com- 
mensurate maintenance but does use line 
circuits quite efficiently. 

B. The circuit switching system, on the 
other hand, because of the greater sim- 
plicity in switching only the line circuit, 
uses exchange equipment which bears a 
close resemblance to the less involved 
telephone switching equipment and ac- 
cordingly requires negligible maintenance. 
However, because of the basic concept of 
having an individual connection to the 
exchange for each subscriber and reason- 
able availability of idle trunk circuits 
between Telex exchanges, the circuit 
switching system requires more line facil- 
ities than the message storage system. 

In evaluating the fundamental prin- 
ciples of the two system arrangements, 
careful consideration must be given to the 
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Photo R-11,319 
Figure 2. Telex subscriber's sot with local tope fonctions 


operating requirements which are to be 
dealt with. While the direct connection 
with automatic answer-back is admittedly 
an outstanding feature of the circuit 
switching system, some present-day oper- 
ating requirements are contrary to the 
direct-connecting principle and become 
difficult to handle on an automatic basis. 
For example, master send or broadcast 
and conference functions, where there is 
a period of waiting time involved until a 
group of individual stations become idle, 
is wasteful of circuit time on long-distance 
trunks and compounds the incidence of 
busy conditions on the system in general 
Also, a requirement for priority would 
have little value in a system which com- 
pletes long-distance connections as rapidly 
as Telex, unless it also included pre- 
empting features on connections already 
established and this necessitates carefully 
designed operating safeguards. For the 
present, the master send, conference and 
priority features, where required in a 
circuit switching system, are better han- 
dled through а manual switchboard located 
in one or more of the Telex exchange 
areas. 

Therefore, it is in the light of the fore- 
going that the merits of the message 
storage or circuit switching systems must 
be weighed for private wire applications. 
And now I should like to explain the 
operating principles of circuit switching, 
including the system layout and exchange 
equipment which is used, by describing 
Western Union's new subscriber-to-sub- 
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scriber Telex service. (Please refer to 
“Telex in New York,” Р. В. Easterlin, 
Western Union Tecuxicat, Review, Vol. 
13, No. 2, April 1959.) 

The following paragraphs give a brief 
description of the various Telex exchange 
units and the special operating features 
which are available in a circuit switching 
system 


TWM System 


The TWM Telex exchange incorporates 
versatile operating features which Western 
Union requires in its large key junction 
exchanges. This system, as distinguished 
from a step-by-step exchange, employs 
the indirect marking principle for setting 
the selectors. The dial pulses are stored 
and evaluated by dial code translators 
which also have the capability of selecting 
alternate trunk routes to other exchanges. 
A high-speed motor-driven uniselector 
switch, providing 200 routing outlets, is 
used in all group selector stages in order 
to provide maximum availability for all 
calls. This system provides for growth on 
a module or building-block basis, 


TW-39 System 


‘The TW-39 exchange equipment is being 
used for the somewhat smaller district 
exchange locations in the Western Union 
network. This type of exchange employs 
the well-proven step-by-step method of 
operation whereby the digits dialed by 
the subscriber have simultaneous and 
direct control in setting the selectors to 
the proper path. The group selector stages 
are equipped with two-motion switches 
having 100 routing outlets arranged in a 
decade manner. This is a simpler and more 
economical system {ог secondary ex- 
change locations where considerable 
operating flexibility is not required. It 
also may be expanded without limitation 
by additional equipment modules. 


TW-56 Concentrator 


The TW-56 Concentrator, shown in 
Figure 3, is a single rack unit which com- 
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Figure з. 


TW-S6 Concentrator 


bines a smaller number of various Telex 
exchange units, principally of the TW-39 
design. This unit provides Telex termina- 
tions for 20 subscribers in a remote area 
and operates over five trunk circuits to 
the nearest district or junction Telex ex- 
change. Concentrators of this type will be 
used initially by Western Union for open- 
ing up Telex service in new areas and, as 
growth develops, regular district exchange 
equipment will be installed and the con- 
centrator units then will be moved to 
lower levels in the network. The concen- 
trator provides no local dial stage and 
calls between subscribers terminated in 
the unit are double-trunked through the 
parent exchange. 


10/5/5 Exchange 


the 10/5/5 exchange, shown in Fi 
4, has been specifically designed for sn 
private wire applications. It has local and 
long-distance dial facilities for ten sub- 
scribers and can be operated over five 
nterconnecting trunk circuits to a regula 
Telex exchange or to a second 10/5 
unit. The basic switching equipment is 

ей on one equipment rack and 
required the additional facility of 
е zone metering is provided on a 
k unit 


Two-Party Selector 


The two-party selector is for the purpose 
of extending э 
allowing two nearby subscribers to share 
the same long-distance trunk circuit to 
the Telex exchange. This arrangement 
prohibits calls between the two sub- 
scribers and only one at a time may use 
the connection to the exchange, the other 
being automatically locked out to insure 
complete privacy. 


vice to a remote area and 


Push-Button Dial Device 


This is a supplementary push-button 
dial feature which can be used with either 
type of remote control unit to establish 
connections to any of 30 selected sub- 
scribers anywhere in a system by simply 
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depressing the desired push button. Upon 
depressing one of the push buttons, this 
unit generates the required dial pulses to 
reach the selected subscriber. No restric- 
tion is imposed on the regular dial unit 
which can be used to reach 
subscribers without an 
assigned push button. 


Station Classifying System 


The station classifying 
feature affords the possibi 
ity of having several sub- 
seriber categories in one 
network with different traf- 
fic privileges. For example, 
classified stations can be 
blocked from receiving calls 
from  nonprivileged sub- 
scribers. After a connection 
has been set up, a one- or 
two-letter code is conveyed 
automatically to the called 
station and compared at the 
latter for conformance with 
assigned identification, 
Following the comparison 
the connection will be com- 
pleted, or in case of an 
unauthorized call, broken 
down. 


Automatic Broadcast 


An automatic broadcast 
arrangement can be pro- 
vided which enables one 
subscriber to obtain connection to and 
broadcast to a maximum of five subscrib- 
ers located at various points in a circuit 
switching network, The calling subscriber 
dials the number of the automatic broad- 
cast frame located in an exchange and, by 
means of control signals with the calling 
subscriber, this equipment successively 
sets up the five separate connections to 
the selected subscribers. After the auto- 
matic broadcast frame has solicited the 
identifying answer-back from each sub- 
scriber, the broadcast circuit is completed 
for transmission. Prior to terminating the 
broadcast hookup, the calling subscriber 
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transmits the “who are you” signal and 
the automatic broadcast frame verifies the 
receipt of answer-backs from all of the 
called subscribers before a disconnect is 
permitted. 


Special Broadcast, Conference and 


ity Features 


‘The broadcast, conference and priority 
features necessitate control accessibility 
to practically all subscriber lines and 
this involves a considerable amount of 
additional cabling in the Telex exchange. 
Also, the specific operating requirements 
for one or more of these features are likely 
to find wide variation in different applica- 
tions of circuit switching systems. There- 
fore, where these operating features are 
required, it is considered advisable to 
incorporate such functions in a manually- 
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operated push-button switchboard where 
they can be properly supervised and con- 
trolled. A switchboard of this type can be 
specially engineered to meet individual 
system requirements, and it could be 
made accessible to any subscriber in the 
network for one or more of the following 
operating features: 


Broadcast —Broadcast or master-send 
transmission in one direc- 
tion only to a group of 
subscribers. 

Conference—Interconnection of a group 
of subscribers on a round- 
robin basis whereby all 
Subscribers can send or 
receive to all other points. 


Priority —Provision for manually 
pre-empting any engaged 
Subscriber for completion 
of a priority call. 
CTUM e 


Having examined the operating prin- 
ciples of circuit switching, perhaps it 
would be desirable now to draw some 
conclusions with regard to the outstand- 
ing features which such a system offers 
for a private communications network. 
Those are as follows: 


1. The instantaneous and direct point-to- 
point connection with automatic acknowl- 
edgment, even to unattended stations, 
provides a definitely superior speed of 
service and assurance that a message has 
reached its destination. 


2. The functional switching components for 
such a system—consisting of one or more 
Telex exchanges operated on a 24-hour 
basis—can be located and maintained on 
the premises of the Telegraph Company. 
This makes it unnecessary for the patron 
to provide the necessary space and to 
incur the operating charges of a switching 


center. 


3. Since the patron is associated with only 
the operating positions or subscriber sets 
in this type of system, over-all expansion 
to additional locations may be made quite 
easily without major inconvenience. 


4. The circuit switching system is not limited 
to a particular transmission keying mode 
such as teleprinter operation but also can 
bbe used interchangeably for various types 
of data transmission up to 500 bits per 
second. For speeds higher than normal 
teleprinter service, transistorized tele- 
graph relays are required in the Telex 
exchange equipment. 

5. It is recognized that in order to minimize 
busy conditions on some heavily-loaded 
stations multiple subscriber set termina- 
tions, involving two or more separate 
connections to the Telex exchange, may 
be required. It is believed that additional 
charges of this kind would be justifiably 
offset by the over-all savings which are 
possible in the system arrangement. How- 
ever, it should be pointed out that where 
such multiple subscriber sets are required, 
зоте consideration should be given to 
the increased operating capacity which 
would be provided at these points, 


6. The time zone metering equipment in the 
Telex exchanges provides a very exact 
method of allocating system usage charges 
to various departments within an organi- 
zation. 

7. Direct point-to-point connections with no 
intervening relay or monitoring assure 


complete privacy for all messages handled 
over the system. 


8. Provision could be made at several loca- 
tions in a private circuit switching system 
for automatic interconnection to the reg- 
ular Western Union Telex network. This 
would make it possible for stations in the 
private system to dial automatically sub- 
scribers in either the U. S. or Canadian 
Telex networks, or to obtain connections 
to the International companies for direct 
overseas Telex service. 


Reference 


Terex 13 New Vous, PHILIP R EASTERLIN, Western 
Unon Technical Review, Vel. 13, No. 2, April 1959. 


A biographical sketch of the author appears in the 
April 1959 issue of TECHNICAL REVIEW. 
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GARVICE Н. RIDINGS IS 1960 D'HUMY MEDALIST 


Ganvicr Н. Ишимов was presented with the 
1960 F. E. Ниту Award by Western Union 
President Walter Р. Marshall at formal сеге- 
monies on September 28 at New York. Mr. 
Ridings is Facsimile Engineer, Research and 
Engineering Department, at company head- 
quarters. 

First speaker at the presentation was 
G. Stewart Paul, Vice President—Operation, 
who was introduced by William H. Francis, 
Vice President in charge of Research and De- 
velopment for Western Union. In his talk 
entitled “Caution—Engineers at Work,” Mr. 
Paul told how Mr. d'Humy, former vice presi 
dent of engineering, had been the moving 
force behind many of the company's technical 
advances, including development of the 
Desk-Fax which was one of his major enthu- 
siasms. The other principal speaker was 
Admiral Joseph В. Redman (U. S. N. Ret). 
Communications Consultant in the company's 
Government Relations Department at Wash- 
ington, whose subject was "National Emer- 
gency Communications." 

Mr. Ridings is the sixth recipient of this 
honor which has been awarded annually since 
1956 to a Western Union engineering, research 
or technical worker who has made a most sig- 
nificant contribution to the telegraph art. The 
Award includes a bronze medallion, an en- 
grossed citation certificate, а gold lapel em- 
blem and а $500 honorarium. The Western 
Union Telegraph Company established the 
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award in commemoration of the leadership 
telegraph research and engineering by Fe 
nand E. d'Humy, who died December 22, 1955. 

‘The citation to Mr. Ridings, which reads 
“For his dedicated effort and notable a 
plishments in the development of facsimile 
telegraph instruments and circuitry,” takes 
particular cognizance of his work on develop- 
ment of the ingenious Desk-Fax transceiv 
which was the culmination of his major 
assignments in facsimile research and design. 
Evidence of the popularity of Desk-Fax with 
the publie is the fact that there are now over 
31,000 in service and 45,000,000 telegrams аге 
sent and received annually by its use. 

Other accomplishments of the medalist in- 
clude direction of the installation, at Wash- 
ington during the early part of World War II, 
of the company’s special facsimile equipment, 
which carried British Embassy secret code 
messages for all parts of the empire. He has 
designed much of the company's line of 
facsimile apparatus and circuitry for both 
central offices and customers, devoting his 
attention usually to the more fully auto- 
matic devices. 

A graduate of Virginia Polytechnic Insti- 
tute, Mr. Ridings joined the engineering 
department of Western Union in 1926. He is a 
member of the Institute of Radio Engineers 
and the author of numerous technical papers 
on facsimile developments. 
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WILLIAM CORKUTT, Engineer, Switching Equipment and Systems 


Magnetic Drum Recording 


Electrically actuated relay banks and relays still are basic signal storage devices but in 
telegraphy, nowadays, perforated tape is employed so widely as to overshadow most other 


storage means, However, wi 
art, especially in data proc 


magactic storage now coming to maturity as a well-developed 
ing applications, it should not be surprising to find this newer 


technique assuming an increasingly important place in modern telegraph developments. 


A потаттмо cylindrical drum having а 
surface capable of being magnetized may 
have information stored upon it by means 
of magnetic writing heads. When a narrow 
current pulse is applied to the write head, 
a small area or spot of the drum surface 
becomes sufficiently magnetized to satu- 
rate the magnetic surface. This magnetic 
saturation can be either positive or nega- 
tive and is determined by the polarity of 
the current pulse in the write head. These 
opposite polarities may then be designated 
ones or zeros, and hence two-valued (bi- 
nary) information can be stored on the 
drum. One binary digit of information is 
called a “bit” and represents a spot of flux 
on the drum in one direction or the other. 
‘The retrieval (or sensing) of a stored bit 
of information is accomplished by means 
of the relative rotation between the drum 
surface and the head. As the drum rotates, 
the flux lines are swept by the head, and 
a voltage is induced in the head windings. 
The nature of this voltage indicates a 
stored one or zero. In most applications 
the same head is used for both writing and 
reading information. 


Access Time 


The bit positions are arranged in 
“tracks” along the drum surface so that 
the bits of any one track pass sequentially 
beneath the writing and reading head. 
Since information can be read only at the 
time when the desired information is 
passing beneath the head, it is seen that 
time (or the position of information on 
the drum) is of importance in reading; 
practically, this means information cannot 
be retrieved instantaneously, but that a 


certain minimum or maximum “access 
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time” exists, The access time is defined as 
the time required to sense a desired bit 
of information and ranges from а mini- 
mum of zero time if the head is just pass- 
ing over the desired information, to a 
maximum time corresponding to one 
revolution of the drum if the desired bit 
has just passed beneath the head. The 
average access time equals one-half the 
period of revolution of the drum. 

The "bit density" (sometimes called 
packing density) is defined as the number 
of bits stored per linear inch. It is limited 
by the necessity of providing enough 
space between cells of information so that 
interference between adjacent bits does 
not destroy the ability to read properly. 
Fringing of the lines of flux caused by the 
finite spacing between the head and the 
drum surface causes most overlapping; 
frictional wear precludes the head from 
being in contact with the drum surface, 

‘The total storage capacity of the drum 
also depends upon the number of tracks 
along the direction of the axis. The num- 
ber of tracks is a compromise between the 
desired read signal amplitude and the 
desired reliability, since fringing also 
occurs in the axial direction. A wide track 
and head will give larger output voltages 
since more flux lines will be cut; however, 
this widening will reduce the total num- 
ber of tracks and thus reduce the total 
storage capacity. If the tracks are spaced 
too close to each other the possibilty of 
undesired pickup from adjacent tracks 
exists. The “track density” is defined as 
the number of tracks per inch in the 
axial direction. 

Figure 1 illustrates the meanings of the 
terms defined here. 
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Return-to-Zero Recording 


The most straightforward method of 
recording on a magnetic surface is to 
apply a discrete pulse of current in one 
direction through the coil of the head for 
a one and a pulse of current in the 
opposite direction for a zero. Since no 
current flows in the head between the 
time of these pulses, this method is called 
the Return-to-Zero (RZ) method of re- 
cording. The surface and head will be 
moving with respect to each other during 
the writing process; therefore, each pulse 
of current is made extremely short in time 
so as to keep the flux from spreading into 
adjacent cells, 

Figure 2 shows the relationship between 
the write current, drum surface flux, and 
output read voltage for a single pulse and 
also for a series of pulses. In the figure 
the horizontal direction can represent 
either time or the distance along the track 
of the drum. 

The read voltage is proportional to the 
rate of change of flux with respect to time. 
Observe in the single pulse illustrated that 
the induced voltage is positive as the flux 
rises to its maximum, becomes zero at the 
peak of the flux (since no flux change 
takes place here), and then becomes neg- 
ative as the flux decreases to zero. The 
single pulse of current produces an output 
voltage approximating a single sinusoid. 
If no overlapping of the flux occurs 
between adjacent cells, the output of a 
series of ones or zeros, or any combination 
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thereof, will be of an amplitude equal to 
that of a single pulse. However, if over- 
lapping occurs the flux on the surface will 
not return to zero and a string of ones or 
zeros will produce a reduced output. The 
degree to which this reduction in output 
is acceptable sets the upper limit of the 
bit density of any one track. 


Н 
A 
pa р Fi 
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‘The output waveform for either a one 
or а zero indicates one factor which may 
be used to distinguish between the two. 
It is seen that the output voltage of a one 
is positive in the first half of the cell and 
negative in the second half, while for a 
zero these polarities are reversed. There- 
fore, the read voltage can be amplified 
and probed in either its first or second 
half to recover the stored information. In 
practice, new information is written over 
the old, and in this manner the new 
information erases the old by saturating 
the head in the opposite direction if the 
cell is to be altered. No change takes 
place if the bit to be written is the same 
as that which had been stored previously 
in that particular cell. 
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Non-Return-to-Zero Recording 


One other basic method of recording 
exists. It is called the Non-Return-to-Zero 
(NRZ) method because the current does 
not return to zero between bits of infor- 
‘mation, but continues flowing in one direc- 
tion or the other at all times. Reversals 
of this current flow are used to indicate 
the change from a one to zero or vice 
versa. 

Within the two basic categories referred 
to there are a number of variations. These 
variations are refinements of the princi- 
ples outlined here and generally are used 
in the interest of obtaining higher packing 
densities. As the packing density is in- 
creased, the methods used for recovering 
the stored information are not as simple 
as those described for the basic RZ method. 
However, these complex methods will not 
be discussed. 


Practical Consideratio 


The storage capacity of a drum is 
directly proportional to the total area of 
the surface. Drums have been built with 
diameters of from 2 inches to 3 feet and 
with lengths of as little as a quarter of an 
inch and as large as 4 feet. Most fall within 
narrower limits, having diameters of less 
than 1 foot and lengths of less than 2 feet. 
‘The other factors which affect the storage 
capacity are the bit density and the track 
density. Bit densities range from 50 bits 
per inch up to 200 bits per inch, and much 
higher bit densities have been obtained 
using special techniques. Track densities 
range from 15 to 40 tracks per inch. High 
rotational speeds are desirable since they 
decrease the access time of the drum, 
produce high-output voltages, and enable 
higher write pulse repetition rates to be 
used; however, high speeds introduce 
additional mechanical problems which 
generally can be overcome only by com- 
promising total storage capacity of the 
drum, and which require special power 
equipment to drive the a-c driving motors. 
‘Speeds of as low as 1190 rpm and as high 
аз 22,000 rpm have been used. Pulse repe- 
tition rates for feeding the head, which 
‘together with the diameter and speed of 
the drum determine the bit density, run 


from 50000 pulses per second up to 
500,000 with the upper limits now pushing 
into the megacycle range. 

Coating of the drum surface usually 
consists of iron oxide or an alloy of cobalt. 
and nickle, which is sprayed or electro- 
plated onto the hard surface of the drum 
proper; its thickness is in the order of 
0.0005 to 0.002 inch. A thin surface is 
desirable in order that it be easily satu- 
rated throughout its thickness. Magnetic 
flux retentivities of from 450 to 12,000 
gauss result from these magnetic coatings. 

Drum storage systems have been de- 
signed to store from 100,000 up to over 
2,500,000 bits of information. 


Head Considerations 


The magnetic read/write head is a 
piece of ring-shaped magnetic material 
with an air gap at one end. Coils are wound 
on the ring for writing and for reading. In 
the interests of low writing current, large 
reading voltage, and minimum flux 
spreading, the gap of the magnetic path 
in the head should be small; spacing 
between pole tips is usually 0.001 inch or 
less. A high-output voltage and low writ- 
ing current require a large number of 
turns on the coils; however, simplicity of 
construction and small size favor a small 
number of turns. The inductance of the 
coils must be considered too, for in writing 
a high-inductance head may require too 
high a voltage to force the current through 
the head. In addition, low-impedance 
heads have other advantages: narrow 
pulses of high repetition rates can be used 
since low-impedance heads afford fast rise 
and fall time for the write pulses; at the 
time of reading from the drum, low- 
impedance heads act as voltage generators 
of low internal impedance capable of 
driving a low-impedance cable with little 
attenuation; low-impedance heads mini- 
mize the interaction between the heads 
themselves. Head windings of from one 
up to 400 turns have been used. The core 
and windings are usually encapsulated in 
а nonmagnetic metal for physical strength. 

The head can be placed as close as 
0.0003 inch to the drum surface. Closer 
spacing, while desirable, is not feasible 
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due to minor eecentricities of the drum 
surface, expansion of metal parts due to 
heat, and mechanical difficulties of main- 
taining alignment. 

In practice currents as high as an 
ampere have been used for writing. Read 
voltages range from 10 millivolts up to 
100 millivolts. 


Western Union Drum Storage 


Drum storage in one investigation at 
Western Union was performed using a 
Bryant Model 512A magnetic drum. The 
diameter of the drum is 5 inches and its 
length 1 foot. The magnetic coating is iron 
oxide which is sprayed onto a hard steel 
surface and then machined to a uniform 
thickness of 0.001 inch. The drum is 
rotated at 3600 rpm by a 3-phase 60-cps 
induction motor, 

Each track is divided into 2048 cells. 
This number is chosen so that binary 
counters may be used to identify each 
cell: 21! = 2048; therefore, an 11-stage 
counter will perform the required count. 


The bit density is 


2048 bits 2048 _ 2048 
circumference _ «D — 5(3.4) 
= 128 bits ‘inch 


‘The write pulse repetition rate is 


_ 2048 pulses 2048 
period of drum 173600 rpm 
2048 
= = 123,000 pulses ‘see. 
16.7X10 * see кла 


The drum has a maximum of 240 tracks; 
thus the track density is 


240 tracks 
length 


240 


tracks ‘inch‏ 20 گے 
inch‏ 12 


The total storage capacity is 


240 tracks x 2048 bits ‘track — 491,520 bits 
OCTOBER 1960 


If it is assumed that each character is 
composed of five bits of information, the 
drum will be capable of storing 

491,520 
5 


— 98,304 characters 


If six characters are considered to make 
a single word, then the drum will store 


98301 — 16384 words 


The head is spaced 0.0005 inch from the 
drum surface. The read output voltage 
varies from track to track due to minor 
irregularities in the surface and will be 
from 10 to 20 millivolts at a write pulse 
frequency of 123,000 pulses per second, 
As the write pulse repetition rate is 
increased the read voltage will decrease. 


Write Amplifier 


‘The purpose of the write amplifier is to 
generate the narrow current pulses which 
produce the flux to saturate the drum 
surface. A high bit density with little 
overlapping of flux into adjacent cell 
requires a pulse as narrow as pos 
this pulse should be of suficient amplitude 
to saturate the surface of the drum. How- 
ever, since the head will have a certain 
inductance which opposes the build-up of 
current, the write pulse must be wide 
enough to pass the required write current. 
The write pulse should have a fast rise 
and fall time to minimize flux spreading 
at its leading and trailing edges, for by 
minimizing the area over which the flux 
is spread, we maximize the read voltage 
by cutting the flux lines in а very short 
time. The inductance of the read/write 
head is 0.15 millihenry and its d-e resis 
ance is approximately 0.7 ohm. One hun- 
dred milliamperes of current is sufficient 
to saturate the head. The width of the 
generated write pulse is one microsecond 
A current-limiting resistor is usually con- 
nected in series with the head to prevent 
excessive current flow through the head 
and its driving transistor. If this resistor 
is chosen to be 56 ohms, then the current 
build-up in the head will be 
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where 


Thue is the write current 


t is the width of the write pulse or the 
time that current actually flows in the head 


T is the time constant of the head circuit 
composed of the head inductance and the 
limiting resistor 


E is the driving voltage 
R is the series limiting resistor 


‘The driving voltage is determined by 
the voltage limitations of the transistors 
of the write amplifier and is selected to 
be 18 volts. 


(1) 


= 022 (1 


0.691) 


.* . hena = 100 ma 


‘Therefore, it is seen that sufficient cur- 
rent flows to saturate the drum surface. 

Figure 3 shows the circuit configuration 
of the write amplifier. 

‘The write amplifier operates in the fol- 
lowing manner. Suppose that a series of 
ones are to be stored on the drum. Squared 
timing pulses having a period equal to 
the cell width are produced from a timing 


10 


track of the drum. Since there are 2048 
cells on a track and the drum makes a 
single revolution in one-sixtieth of a 
second or approximately 17 milliseconds, 
the period of these pulses is 


17 milliseconds L 83 microseconds. 
2048 

The levels of these pulses are ground and 
negative 6 volts. When writing is desired, 
the command input of CR-2 is opened so 
that the clock pulses turn transistor Q-1 
on and off at the timing track pulse rate. 
The output of Q-1 is a square wave which 
feeds the differentiating circuit consisting 
of C1 and RI. The positive output of this 
circuit is passed by diode CR-3 to act as 
a trigger for the blocking oscillator con- 
sisting of transistor Q-2 and transformer 
7-1. For each positive trigger pulse at the 
base of Q-2, a narrow, fast-rising pulse will 
be generated at the collector. ‘The width 
of this pulse is independent of the input 
and dependent mostly on the transformer 
characteristics. This transformer is chosen 
to produce a pulse of one microsecond 
width. Diodes CR-4 and CR-5 form a gate 
which when opened will write ones on the 
drum. Making the input of CR-4 negative 
will open the gate and pass the pulses 
from the blocking oscillator to the base 
of Q-3. Q-3 will conduct for the period of 
the blocking oscillator pulse. The conduc- 
tion of Q-3 forward biases the base emitter 
junction of driver amplifier Q-4. The 
result is that a current pulse 1 miero- 
second wide and of 100-milliamperes am- 
plitude is delivered to one side of the 
drum head. The drum head consists of а 
center-tapped winding whose center tap 
is grounded. By applying the driving 
voltage to one side of the head, current is 
applied in either of the two possible 
directions, thus writing a one or a zero. 
During the writing of a one, the input of 
CR-7 is held at ground so that no blocking 
oscillator pulses are delivered to 9-5. 
Driving amplifier Q-6 does not conduct. 
If zeros are to be written, the gate con- 
sisting of diodes CR-6 and CR-7 would be 
opened to pass the l-microsecond pulses 
and CR- would be ground to close gate 
CR4, CR. 
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Figure 3. 


Most storage material would consist of 
a mixture of ones and zeros so that diodes 
CR-4 and CR-7 would be constantly open- 
ing and closing their respective gates to 
correspond to the information. When 
writing is to cease the command gate is 
closed so that no pulses are generated by 
the blocking oscillator, and neither driver 
amplifier supplies current to the head. 
External logic circuits control the com- 
mand, zero, and one gates. 


‘The purpose of the read amplifier is to 
amplify the voltages induced in the head 
windings to a level high enough to enable 
probing circuits to determine whether the 
induced voltage is a one or a zero. The 
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voltage at the head will be on the order 
of 10 millivolts at write pulse repetition 
rates of 123,000 pulses per second. A 
balanced input amplifier consisting of two 
identical difference amplifiers is attached 
to the head. The difference configuration 
offers advantages in noise rejection due 
to the common mode effect. It also presents 
a high-input impedance to the head, which 
eliminates the necessity of coupling trans- 
formers. 
Figure 4 
amplifier. 
Transistors Q-1, Q-2 form a difference 
amplifier in which the base of Q-1 is соп- 
nected to one end of the center-tapped 
head, while the base of Q-2 is held at а-е 
ground potential by Cl. RI connects the 
bases of the transistors so that they are 
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is a circuit of the read 


at the вате d-c potential. The output at 
the collector of Q-2 will be the difference 
between the a-c potentials appearing at 
the bases of Q-1 and Q-2. The input 
impedance of this emitter coupled am- 
plifier is that of а common collector 
amplifier and is 


hie + (Rachie — ayehre) Rr. 
ІФА, 
For transistors having a cutoff frequency 


in the region of 8 megacycles, the h param- 
eters may be taken to be 


hie = 2000 ohms 
hye =1 

aj = —15 

hoe = 46 pmho 


Substituting these values results in an 
input impedance of more than 150,000 
ohms. This high-input impedance enables 
the read amplifier to be connected directly 


ма 


to the кате bus bar as the write amplifier 
without affecting the writing, 

The output of amplifiers Q-1, Q-2 and 
Q-3, Q4 are of equal amplitude and 
‘opposite phase. They are capacitively 
coupled into the bases of Q-5 and 9-6 
which provide further amplification. The 
combined voltage gain of the first two 
stages measured at the collectors of Q-5 
and 9-6 is in the order of 1000. Therefore, 
for a 10-millivolt (peak-to-peak) input 
from each half of the head, a 10-volt swing 
may be expected at the collectors of Q-5 
and Q-6. These outputs are opposite in 
phase. Q-7 and @-8 are emitter followers 
whose emitters will reproduce the voltage 
of their bases at a reduced impedance 
level, thus producing a power gain. The 
outputs are used to drive Q-9 and Q-10 
into their saturated and cutoff conditions. 
The outputs of Q-9 and Q-10 will be square 
waves 180 degrees out of phase. By 
probing either of these square waves it is 
determined if a bit of information is a one 
or a zero. 
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Diodes CR-1 and CR-2 in the collector 
leads of Q-1 and Q-3 are used to block 
collector-to-base current flow during writ- 
ing, for at this time the base of these 
transistors would be more negative than 
the collector potential thus biasing the 
base-collector junction in the forward 
direction, Potentials of greater than —6 
volts were not used in the first stage in 
order to keep the dissipation in these 
stages low. 


Access to Information 


In practice, there are usually many 
more tracks on a drum than read or write 
amplifiers, and in order to select partic- 
ular information from the drum, a track 
selection matrix is used to connect the 
read/write amplifiers to the particular 
track to be written upon or read from. 
Electromagnetic relays, magnetic core 
devices, vacuum tube switches, and 
transistors have been used їп these 
applications. 

Once a track is selected, the counting 
of the bit cells around the periphery of 
the drum along any track requires the 
use of the timing (also termed clock) 
track. The timing track is an ordinary 
storage track in which each cell contains 
а one. 

A counter is used to count the ones on 
the timing track, and a cell position is 
identified by its number on the timing 
track. By using the timing track of the 
drum as the timing source for all elec- 
tronic circuitry associated with the drum, 
the entire storage system is synchronized. 
Information may be stored or read by a 
single amplifier in a serial fashion or a 
series of amplifiers may be connected to 


a like number of heads so that parallel 
(simultaneous) reading or writing takes 
place. The manner in which the informa- 
tion is put on, taken off, or transferred is 
determined by the type of system being 
designed. Examples of the various methods 
may be found in the accompanying bibli- 
ography. 

‘The principles outlined here are used 
in digital computer storage devices where 
the relatively long access time is not 
detrimental to high-speed computer oper- 
ation. Core storage devices having very 
fast access time are used in conjunction 
with drum storage when high-speed opera- 
tion is а necessity. Magnetic drums are 
now in use for storing telegraphic informa- 
tion in high-speed automatic switching 
systems and have also been successfully 
used for telephone switching applications. 


* * * * * 


‘The work outlined here was carried out 
by the electronics group under E. J. 
Chojnowski of the Systems Development 
Division. 
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Autofax and Desk-Fax Agency Offices 


Tur оом, Autofax* facsimile tele- 
graph transmitting unit was replaced 
some time ago with a unit which is im- 
proved both in size and appearance and 
is in service at the Westside Airlines 
Terminal in New York City. The replace- 
ment made it possible to relocate the unit 
to a space which is more accessible to the 
public and as a result the number of tele- 
grams sent automatically has increased 
substantially. Operation of the unit by 
Western Union patrons involves only 
three easy steps which eliminates any 
possible confusion, Furthermore, the de- 
positing of coins to cover the charges and 
federal excise tax is not required. Tele- 
grams, if not sent collect, are billed directly 
to the sender's name and address. The 
circuit for operation of the Autofax t 
minates in the central office Concentrator 
Unit 176-A which operates at 180 rpm. 

Four additional units, similar to the one 
at the Westside Airlines Terminal, have 
been made available and two of the four 
аге now in service at the Coliseum and 
at 26 Broadway, New York. A unit is also 
scheduled for installation at the Empire 


Agencies In many small places the volume 
of telegraph business is insuficient to justly 
the maintenance of an independent telegra 

tia, In some such plates the, company 
Suthorizes а retall or service establishment 


to act as an agent of the company in sending 
and receiving telegrams to and from that 
community. The agency is usually connected 
to the nearest independent Western Union 
office by a teleprinter, telephone or Telefax* 
circuit. 


State Building in the near future, and the 
installation of another unit in a suitably 
located hotel in New York is under con- 
sideration. Installations in the various 
types of locations were arranged for the 
purpose of determining the places where 
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Avtofox push-button facsimile 
where menager may be written ond 
rely by the writer tea Western U 


lagram transmitter 
Mehed immed 
‘central ace, 


the greatest use will be made of the 
Autofax by the public. 

Some of the large hotels at Baltimore, 
Washington, New York City, Houston and 
Los Angeles are served by Autofax equip- 
ment (Transmitter 6449, Recorder 6450 
and Transmitter 7120-A). These installa- 
tions serve as replacements for Western 
Union branch office representation in 
some instances. However, Desk-Fax* 
‘Transceivers 6500 have proved to be more 
acceptable because they occupy a small 
space and are less expensive. Therefore, 
no additional Autofax equipment as de- 
scribed herein has been manufactured 
recently. 

As of January 1, 1960 a total of 3545 
telegraphically-equipped agency offices 
were in operation. Of this number 892 
were served by Desk-Fax. The greater 
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portion of Desk-Fax operated agencies 
are Class 9-B, 802 in number, located 
within the corporate areas already served 
by independent telegraph offices. There- 
fore the agencies serve as 
substitute or supplemental 
representation, and many 
are located in hotels, mo- 
tels, hospitals, colleges and 
other types of institutions 
The 90 Desk-Fax agencies 
representing the Telegraph 
Company as Class 9-С 
agencies (outside areas) 
include newly established 
agency offices as well as 
those which formerly were 


served by telephone or 
teleprinter. 
Obvious advantages of 


Desk-Fax agency operation 
over other methods are 
numerous. The fact that 
agents are not required to 
utilize a substantial part of 
their time for the purpose 
of recording and transmit- 
ting messages by telephone 
or sending and receiving messages on tele- 
printers serves to maintain pleasant rela- 
tions from compensation and service 
standpoints. Additionally, the appearance 
of Desk-Fax delivery copies is generally 
improved considerably as compared to 
longhand, typewritten or teleprinter 
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copies. Thus agency representation turn- 
over is lessened a great deal. 

The supporting evidence of agency 
satisfaction with Desk-Fax is the fact that 
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Introfax* focsimile recorder ond tronsmitter (below) provide fost, direct 
Nondleg of telegrama for hotel guests. 


from January 1, 1958 to January 1, 1960 
the number of Desk-Fax age 
creased 247 as compared to an increase 
of only 119 in teleprinter agencies. — 
W. J. Tucker, General Supervisor — 
‘Terminal Operations. 


les in- 
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WILLIAM F. MARKLEY, Assistant Lines Engineer 


Instrument Wire Design to Reduce Service Outages 


It is possible, within the next few years, that polymer chemistry may make 


the communications and electronics industries new 
and hookup wire having improved cold flow characteristics and 
Reduced diameters and lowered costs of these wire products will 


new service horizons. 


Iv wie consuming industries, billions 
of conductor feet of instrument and hook- 
up wire are required annually for wiring 
equipment and for use as the conductors 
in multipair plastic-jacketed office cable 
which is employed for the most part in 
relatively short lengths, In these cable 
lengths, the jacket is frequently stripped 
for several feet at each end and the con- 
duetors fanned out along metal frames 
and over supports for termination. In all 
these applications, the resistance of the 
wire covering to deformation and elec- 
trical leakage plays an important part in 
reducing outages and providing adequate 
operating efficiency of the circuits under 
the various conditions of temperature and 
humidity encountered in service. 

Flow is one of the most important 
properties of a plastic employed in the 
manufacture of many articles, both from 
the standpoint of processability as well as 
performance in service, and this charac- 
teristic is no less important for plastics 
intended for use as an insulating covering 
оп instrument and hookup wire, 

From the very beginning, when ex- 
truded thermoplastic insulations, partic- 
ularly the polyvinyl chloride (PVC) 
formulations, were first introduced as an 
insulating covering for instrument and 
hookup wire and up to the present time, 
the cold flow characteristics or crushing 
and deformation of these compounds in 
normal use at or slightly above room 
temperature presented a problem in that, 
under relatively slight but sustained pres- 
sure, the insulation would be pushed from 
the conductor thus exposing the bare 
copper. This condition caused electrical 
shorts with adjacent conductors at cross- 
overs or with the metal frame and equip- 
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lating materials for gencral instrument 


‘overall performance, 
е obtainable, бин opening. 


ment supporting members in cabinets, 
distributing frames, and so forth. 

In fact, initially, instrument and hookup 
wire having a single extrusion of PVC 
insulation as the only covering for the 
conductor, employed for communication 
equipment wiring, gave so much trouble 
due to cut-through of the insulation in 
normal service, resulting in extensive 
outages and high maintenance cost, that 
serious consideration was given at that 
time by Western Union to reverting to 
rubber insulation, even though the PVC 
compounds possessed a unique combina- 
tion of properties such as inertness, good 
electrical characteristics, high flame re- 
sistance, and adaptability or ease of 
adjusting physical properties to meet 
specific requirements. 

However, after careful study and con- 
sideration of the factors involved, it was 
concluded that the relatively soft or con- 
ventional type of PVC insulation did not 
possess sufficient cut-through resistance 
to withstand small sustained crushing or 
deformation loads in service occurring 
where handmade forms were tightly 
bound with cable sewing twine at sections 
along the form, or where contacting wires 
crossed over each other and were pulled 
fairly tight, such as at the back of relay 
panels and at various points in other 
equipment, or where the wires were bent 
and held fast over metal angles and strip 
of equipment supporting frames in cabi- 
nets, and so forth. 


Extra Jacket Tried 


It was obvious, therefore, that in order 
to take care of the mechanical abuse 
normally encountered during installation 
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and in service, some type of protection ог 
additional covering or jacket was neces- 
sary if plastic-insulated wire were to be 
employed for wiring equipment. After 
some experimentation, it was found that 
a lacquered cotton serving would ade- 
quately reinforce and protect the plastic 
insulation against the various types of 
deformation or crushing met with in 
service, and at the same time would have 
a minimum effect on inerease in diameter, 
a consideration that was extremely i 
portant where space limitation was a seri- 
ous factor, In fact, in instances where a 
nominal 25 mils of PVC was employed, a 
drastic reduction in over-all diameter was 
obtained by substituting 10 to 15 mils of 
PVC and a lacquered cotton serving. 
Although considerable quantities of this 
type of wire were employed in Western 
Union for wiring equipment, it was sub- 
sequently found that manufacturing dif- 
ficulties were being experienced resulting 
in large rejections during factory inspec- 
tion due to the fact that contamination, 
caused by migration of the solvent for the 
lacquer into the plastic insulation, would 
materially degrade the insulating com- 
pound electrically so that extreme care 
had to be employed in the lacquering 
operation to reduce this type of trouble 
to a minimum. This processing difficulty 
had a serious adverse effect on the cost 
of the finished wire. 

Later, when extruded nylon became 
available for this application, it developed 
that a very desirable substitute was found 
as a jacket for instrument wire to replace 
the lacquered cotton serving. The nylon- 
jacketed wire, which has been used for 
‘some time and which is still being em- 
ployed to a considerable extent in the 
communications and electronics indus- 
tries, has proven extremely satisfactory 
in protecting the plastic insulation against 
crushing and deformation at temperatures 

roximating room conditions and 
igher. However, the nylon has intro- 
duced certain objectionable factors, such 
as increased stiffness of the wire which 
has affected the time required to make 
handmade forms, increased stripping or 
skinning force which has resulted in a 
tendency to introduce work hardness in 
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the conductor during the stripping opera- 
Чоп thus resulting in brittle terminations, 
and increased diameters and excessive 
rigidity due to manufacturing difficulties 
involved in controlling the thickness of 
the nylon jacket. In fact, according to field 
complaints, the stiffness of the nylon- 
jacketed wire is a continual source of 
annoyance with this type of covering. It 
has also been observed that, in some 
instances, extruded nylon has a tendency 
to adhere tightly to the primary insula- 
Чоп, and on severe bending and forming 
of the wire the nylon will crack and pull 
the PVC compound causing it to crack 
also. 


Semirigid PVC 


In recent years the development of 
semirigid PVC compounds, having in- 
creased toughness, deformation resistance 
and hardness as compared with the con- 
ventional PVC formulations, has made 
wailable to wire consuming industries 
instrument wire having a single extrusion. 
of this material, which would appear to 
provide equivalent performance in crush- 
ing and deformation of, and at the вате 
time overcome the principal objections to, 
the PVC nylon-jacketed wire with a sav- 
ing in cost resulting from the omission of 
the nylon jacket. 

‘The semirigid PVC compounds are 
formulated with a much higher resin- 
plasticizer ratio than is normally used in 
conventional PVC compounds in order to 
improve such characteristics as deforma- 
tion and abrasion resistance. This increase 
in resin-to-plasticizer ratio is attained 
through the substitution of resin for filler 
which is employed in considerable quan- 
tity in conventional formulations. Because 
fillers are lower in cost than resin, semi- 
rigid PVC compounds generally cost more 
than conventional compounds. 

However, study of a number of the 
semirigid compounds indicated that while 
some of these formulations possess appre- 
ciable increased hardness initially as com- 
pared with the conventional compounds, 
their resistance to cold flow, crushing and 
deformation at or a little above room 
temperature was only slightly better than 
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the conventional PVC compounds. Other 
of these elastomers appeared to possess 
greatly improved deformation resistance 
under these various conditions of service. 
The problem then was to develop a test 
procedure that would characterize these 
various formulations from the standpoint 
of acceptable resistance to crushing or 
deformation in service. Since nylon- 
jacketed PVC-insulated wire is considered 
ап acceptable product in general hookup 
wire use wherein the various types of 
mechanical deformation of the covering 
on the conductor are encountered, it was 
felt that any high-strength semirigid 
formulation that would approximate the 
nylon-jacketed wire in its resistance to 
crushing and deformation under simu- 
lated service conditions would be ade- 
quate for wiring equipment, assuming of 
course that it met all the various other 
important requirements pertaining to 
physical and electrical characteristics, 
heat shock, flammability, and the like. 

In view of the wide variety of poly- 
ethylene compounds available and the 
possibility of their use for insulation on 
instrument and hookup wire it was con- 
sidered desirable to include these formu- 
lations in this study along with the con- 
ventional and semirigid PVC compounds. 
Preliminary tests indicated that conven- 
tional polyethylenes in combination with 
a protective jacket of nylon exhibit desi 
able physical, electrical and deformation 
characteristics. Conventional polyethyl- 
enes are considered to increase in defor- 
mation resistance with increase in molec- 
ular weight. Linear polyethylenes, per se, 
possess excellent electrical сі 
and are extremely tough with inherently 
high resistance to crushing and deforma- 
tion. 


TEST METHODS 


Accordingly, Western Union engineers 
considered it desirable to attempt to 
develop a so-called cold flow or deforma- 
Чоп test for instrument wire that would 
approximate in some degree the relatively 
severe conditions of deformation en- 
countered in service resulting from slow 
compression or crushing of the insulation 
ма 


at or slightly above room temperature. It 
was obvious that any sharp-edged com- 
ponent employed to create deformation 
of the insulating covering under pressure 
would be undesirable because the forma- 
tion of a severe notch would automatically 
create an initial weakness in the insula- 
tion that would readily cause cracking of 
the compound. It was indicated that some 
form of small rounded edge to transfer 
the pressure would be more significant, 

From the many methods of transferring 
pressure to the test wire that were con- 
sidered, it was found that a desirable 
means was by the use of No. 20 Але. 
bare solid tinned copper wire. Further- 
more, in order to reduce to a minimum 
the various factors that enter into a test 
of this kind, it was decided to employ only 
опе size and kind of commercial wire for 
the conductor of the test specimens, 
namely, No. 22 Aw. tinned solid 
annealed copper which is the principal 
type employed by Western Union and 
others for wiring equipment, 

With these preliminary factors estab- 
lished, it was decided to take a 12-inch 
length of instrument wire to be tested 
from which the covering was stripped for 
about 14 inch at each end. This wire was 


then formed into a loop and the ends 
soldered together. A similar loop was 
made using the No. 20 A.w.g. copper wire 
(diameter 0.032 inch), referred to above, 
formed to interlock the test loop in planes 
90 degrees to each other. A weight was 
suspended from the No. 20 gage copper 
wire. This system of loops and weight was 
hung vertically, with a dry battery and 
low-voltage buzzer inserted in an elec- 
trical circuit through connections to the 
soldered joints of each loop as indicated 
in Figure 1. 

A number of deformation tests have been 
developed by other investigators but in 
general these involve light loads at elevated 
temperature or gradually increasing loads 
applied at a uniform speed at room tempera- 
ture until the insulation is severed involving 
а short space of time, Most of these tests do 
not approximate normal general service con- 
ditions herein discussed or provide adequate 
discrimination to distinguish between com- 
pounds having good resistance to failure by 
slow compression or crushing under sus- 
tained load at or slightly above room 
temperature and those having much less 
toughness and rigidity under similar con- 
ditions. 

In the initial tests a weight of 5 pounds was 
employed with the system suspended at room 
temperature. Under these conditions it was 
observed that various types of covering on 
the conductor showed only slight deformation. 
at the point of contact with the No. 20 gage 
bare wire after a period of several months. 
In order to increase the severity of the test 
ihe weight on the bare copper wire was 
increased to 10 pounds but this change was 
not sufficient to increase materially the 
deformation in a relatively short period of 
time, 


Heating Added 


At this point, it was observed that 
instrument wire in service is frequently 
subjected to slight heating which has a 
marked effect on deformation. In view of 
this condition and the desire to speed up 
the test, the system of loops of the wires 
and the suspended 10-pound weight was 
placed in an oven arbitrarily maintained 
at a temperature of 122 degrees Е and 
continuously recorded on “America 
Recorder” charts of the Consolidated 
Ashcroft Hancock Company. The relative 
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humidity was not controlled but was 
measured and showed a value of approx- 
imately 15 percent throughout the test. 
This slightly increased temperature over 
room conditions was found to be ex- 
tremely helpful in accelerating deforma- 
tion of the formulations under consider- 
ation. 

Preliminary tests indicated that the 
standard conventional PVC-insulated and 
nylon-jacketed wire was capable of with- 
standing this test for a period of 6 to 7 
days before drastic deformation of the 
covering took place and, accordingly, the 
duration of the test in this study was con- 
fined to this period of time. In a few 
instances check tests were made after а 
4-day test period. It was further con- 
sidered that any other type of covering 
that would provide equivalent perform- 
ance in this test would, in all probability, 
be equal to the commonly used conven- 
tional PVC insulation and nylon jacket 
in normal service. Moreover, in these 
initial tests, it was observed that discrim- 
inating deformation results were obtained 
for insulating compounds having different 
degrees of rigidity and toughness, 

Leads from the electrical circuit of the 
system of loops were brought out of the oven 
for use in performing the buzzer test and 
determining insulation resistance with a 
Northrup galvanometer. The buzzer test 
employed to detect complete severing of the 
insulating covering on the test specimen was 
made periodically during the day. In speci- 
mens which showed complete severing of the 
insulating covering as indicated in the buzzer 
test, no further examination was made, In 
the case of those specimens which did not 
fail їп the buzzer test, the specimen test loop, 
while still in the oven at 122 degrees F and 
‘supporting the weight, was subjected to an 
insulation resistance test at 135 volts d.c. 
measured between the soldered joints of the 
two loops (See Figure 1), After removal 
from the oven and cooling to room tempera- 
ture, the lower part of the specimen test loop 
where the load was concentrated and without 
disturbing its shape, was then immersed in 
water at 75 degrees F for 1 hour after which 
the insulation resistance was measured again 
to indicate the extent of the electrical pro- 
tection still afforded by the depressed section 
of the insulating covering of the specimen 
at the point of application of the load. 
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After allowing the specimens to dry at 
room temperature, a longitudinal section 
ol each specimen test loop along the point 
of application of the load was skived with 
a razor blade to the surface of the con- 
ductor and then gently abraded by hand, 
using extra fine grade sandpaper, to a 
depth of about one-half the conductor 
diameter so as to expose the thinnest point 
of the insulating covering. The thickness 
of this covering at the point of load con- 
centration (thinnest section) was then 
measured under a Gaertner microscope 
using a magnification of approximately 
30 times. Because of these time-consuming 
examinations, every specimen was not 
measured but at least one specimen repre- 
sentative of each type of insulating cover- 
ing was so examined. 

Only commercially available PVC pri- 
mary and nylon jacket formulations, 
although some were in the experimental 
stage when this work was started, are 
included in this study. All of these PVC 
compounds are considered to have ade- 
quate physical, electrical, heat shock, 
aging and flammability “characteristics 
and are recommended by the various sup- 
pliers for service as the primary insulation 
on instrument wire, Similarly, the nylon 
compounds were recommended by the 
different producers for wire jacket 
service. 

The various kinds of extruded insulating 
coverings, comprising the commonly used 
(for No. 22 Aw.g. wire) ni al 10-mil 
radial wall thickness of primary insulation 
in combination with an extruded heat- 
stabilized clear nylon jacket, having a nom- 
inal 2- to 3-mil radial wall thickness, that 
were included in this study are listed below. 
This construction is employed in large 
quantities as instrument and hookup wire 
and in multiconductor cables for wiring 
electronic and automatic equipment in many 
industries, is specified by Government agen- 
cies, and is a stock item with most of the 
wire and cable suppliers. Because of interest 
in extra-thin walls of insulation for use 
where space considerations are important, a 
group of samples were included in which a 
7-mil wall of primary insulation was sub- 
stituted for the 10-mil wall referred to above. 
The nylon employed for jacketing consisted 
of the conventional nonplasticized formula- 
tions except in one instance where a plasti- 
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cized nylon was used with the idea of 

improving the stripping characteristics of the 

finished wire. 

(a) Conventional PVC compounds in сот- 
bination with various makes of nylon 
jacket (Western Union Standard). 

(b) Conventional PVC compound with a 
plasticized nylon jacket. 

(c) Extra-thin wall (7 mils) of conventional 
PVC compounds with a nylon jacket. 

(d) Low- and medium-density polyethylenes 
with a nylon jacket, 

(e) Flameproof polyethylene in two types 
with a nylon jacket, 

The various extruded formulations, in а 
nominal 10-mil radial wall thickness, without 
any jacket, that were considered in these 
tests included the following: 

(а) Conventional PVC compounds 

(b) Semirigid PVC compounds 


(c) Low- medium- and high-density poly- 
ethylenes. 


TEST RESULTS 
NYLON-JACKETED WIRE 


Compilations of the test results and ob- 
servations of the performance of the fore- 
going insulating coverings, all of which 
сап be supplied on a reasonably com- 
petitive basis from a cost standpoint, are 
shown in Tables 1 and 2. These include 
the tensile characteristics of the primary 
insulation of the samples as received, the 
radial wall thickness of the components 
of the covering before and after the 
deformation test, and the dry and wet 
insulation resistance measurements of the 
section of the test specimens subjected to 
ihe concentrated sustained load. The 
manufacturers’ hardness values, based on 
tests of molded specimens of the primary 
insulations where readily available, are 
also tabulated. 

From an examination of the data in 
Table 1, which shows the test results on the 
nylon-jacketed wire, it will be observed that 
the extruded nylon jacket of the different 
manufacturers provides excellent rigidity 
and resistance to deformation regardless of 
the type of primary insulation employed. All 
of these samples, even those having only 
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7 mils of conventional PVC primary insula- 
tion, withstood the test without cut-through, 
and all except the one having the plasticized 
nylon showed a dry insulation resistance 
value after the deformation test of practically 
infinity. The relatively soft plasticized nylon 
jacket permitted a greater transfer of the 
concentrated load to the primary insulation 
thus causing increased deformation of the 
PVC compound and somewhat lower insula- 
tion resistance values. In the wet test, the 
low- and medium-density polyethylenes, the 
flameproof polyethylenes, and the conven- 
tional 10-mil PVC compounds also had 
insulation resistance values of practically 
infinity except one of the flameproof poly- 
ethylene compounds which showed а value 
of 175,000 megohms. 

In the case of the samples having the 
extra-thin wall (7 mils) of conventional PVC 
primary insulation, the insulation resistance 
of some specimens in the wet test was low 
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Figure 2. Skived sections of PVCinsuleted ond nylon- 
focketed test specimens. Mag. 8.5 X 
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and consistent with the marked thinning out 
of these compounds during the deformation 
test, as indicated in Table 1. As would be 
expected, the performance of the nylon- 
jacketed wire having only 7 mils of conven- 
tional PVC primary insulation is dependent, 
in large measure, on the degree of toughness 
and resilience of the PVC formulation em- 
ployed. It would appear that the use of semi- 
rigid PVC polymers is necessary in this con- 
struction in order to insure adequate physical 
and electrical characteristics particularly in 
areas where sustained relatively high tem- 
perature and humidity are encountered, 

Referring to the radial wall thickness 
values of the primary insulation and nylon 
jacket on the samples included in Table 1, 
it will be observed that the nylon jacket 
exhibited marked resistance to deforma- 
tion and decreased in thickness by only 1 
to 2 mils, Practically all of the cold flow 
occurred in the primary insulation, The 
samples having the 10 mils of conven- 
tional PVC formulations showed uniform 
and consistent deformation of the primary 
insulation as compared with a wide varia- 
tion in the degree of deformation that was 
observed in those specimens having only 
7 mils of primary insulation. In the case 
of the polyethylenes, the medium molec- 
ular weight low-density compound (M.L- 
18, density 0.923, ASTM Type 1) showed 
greater resistance to deformation as com- 
pared with the formulation having some- 
what lower molecular weight and medium 
density (M.L-3.0, density 0.93, ASTM 
‘Type 2). The flameproof polyethylenes 
displayed a low resistance to deformation 
notwithstanding the heavy wall (5 mils) 
of nylon. Figure 2 shows the skived sec- 
tions of some of these samples at a mag- 
nification of 8.5 times. The appearance of 
the test specimens before skiving is illus- 
trated in Figure 3. 


Buckling of Nylon 


A factor that contributes considerably 
in the deformation resistance of the nylon- 
jacketed wire is that, on bending the wire, 
the nylon buckles and ridges in varying 
degrees on the concave side as indicated 
in Figure 4, which shows specimens with 
and without the nylon jacket bent at 90 
and 180 degrees respectively. This condi- 
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NO. 22 AW.G. SOLID TINNED COPPER WIRE COVERED V 


‘Characteristics of Samples as Received 
Type of Primary 
Radial Wall Thickness — 

Processor of — =з Ny 


Identification Finished Wire Insulation Cor. Jacket rrr Jacket, тым 
ғ: mils mils psi 


Polyvinyl Chloride (PVC) Primary Insulations and Nylon Jacket ( 


AN General Cable Opalon Brown Zytel 33 ю з 20 
Corp 1038 
BN Superior Cable Opalon Black Zytel33 (a) — 10 4 250 
Corp. 1038 Black () 0 4 20 
см Plastic Wire Geon Black Spencer (a) 10 — 3 2160 | 
& Cable Co. 6373 Black 600 ъ 10 з 2160 
Black () 1 з 2160 
DN General Cable Un. Carbide Orange Zytel 69 w 5 2% 
Corp. QFD-9921 (Plasticized Nylon) 
EN General Cable. Geon Black Zytel33 (a) т 3 2800 
Corp. 8801 Black (b) т з 20 
Brown (Q т з 20 
Black ( в 2 2% 
FN General Cable Exon Black Firestone (a) — 7 — 4 290 
Corp. 5360 Black 210 Ы т 4 20 


Polyethylene Formula 


GN General Cable DuPont 3066 Green Zytel 33 w 4 220 
{ Согр. 


HN  GeneralCable DuPont Green Zytel 33 10 5 ш 
Согр. 5N-BC-10 
MI-18, 
| Dens. 0.92 
Туре1 
IN General Cable DuPont Rulan Green Zytel 33 1 5 200 
Corp. (Flameproof) 
ML-36, 
| Dens. 130 
| IN General Cable Gen. Cable Green Zytel 33 9 5 180 
rp. 


N.M.—Not Measured 
MI. —Mtr's Melt Index, dg. per min, ASTM Spec. D-1238-57T 
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ITH PRIMARY INSULATION AND CLEAR NYLON JACKET 


insulation. 


in2” 
% 


Manufacturers Buzzer 
_ Shore Hardness Тей_ 
(Molded Specimen) 


Dry 
It 
‘megohms 


Insulation Resistance Radial Wall 
Wate ‘Thickness 
RH. Water 1hr.75'F, Primary _Jacket 


megohms mils mils 


AN," "BN" and "CN" represent standard Western Union construction) 


125 89-A OK—4 days infinity infinity 3 2 
125 89-A OK—6'+ days 700,000 700,000 3 3 
E 89-A OK— days 700,000 700,000 NM. NM. 
| os 83-A OK—7 days 700,000 700,000 2 2 
E ga 83-A OK— days infinity 425,000 3 2 
125 83-A OK— days infinity 425,000 3 2 
88-A окт days 14,000 w 1 4 
E 91-A OK days 700,000 05 2 
9 91-A ОК 6'4 days 100,000. 05 2 
10 91-A OK—6Ys days 700,000 05 2 
100 91- OK—6 days 350,000 05 2 
325 89-A OK—6 days infinity 3 2 
325 89-A OK—6 days infinity 3 2 
ions and Nylon Jacket 
- OK—7 days infinity infinity 1 2 
E OK— days infinity. 4 3 
| 400 - OK—7 days infinity infinity 1 3 
325 OK—7 days 700,000 05 4 
‘Type No—Refers to ASTM Spec. D-1248-58T 
Density —Mfrs value, refers to ASTM Spec. D-792-50 
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tion does not generally exist when no 
nylon jacket is present. Even the semirigid 
PVC compounds and the tough linear 
polyethylenes do not exhibit this type of 
buckling on bending the wire. The char- 
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Figure 3. Typical appearance of test specimens after 
the deformation test, Before skiving. Meg. 8.5 X 
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acteristic has the effect in service of 
materially increasing the nylon thickness 
at all points where the wire is bent and 
formed during installation. 


TEST RESULTS 
NONJACKETED WIRE 


Table 2 shows the relative performance 
of the various formulations employed as 
the primary insulation without any over- 
covering or jacket of any kind. It will be 
observed from the test values that con- 
ventional PVC compounds, whose tensile 
values usually run less than 3000 psi, 
exhibit low resistance to crushing and 
deformation as indicated by cut-through 
ina short period of time. This is in marked 
contrast to the performance of these com- 
pounds when used in combination with a 
nylon jacket as indicated in Table 1 
discussed above. 

Semirigid PVC compounds, all of which 
generally have tensile strengths in the 
range of 4000 to about 5600 psi, showed 
varying degrees of resistance to crushing 
and deformation as indicated in these 
tests in Table 2. Some of these compounds 
lacked homogeneity or uniformity in 
processing which resulted in a variation 
in performance from good to poor. The 
deformation or crushing resistance of a 
PVC compound does not appear to be 
characterized entirely by its hardness or 
tensile properties. Probably resilience 
plays an important part in the deforma- 
tion quality of the compound. The be- 
havior of a PVC compound in crushing 
and deformation seems to be dependent 
more on the type of plasticizer employed 
and its solvent action, together with 
adequate processing control and extrusion 
technique to insure uniformity and homo- 
geneity in the finished extruded dialectrie. 

Some of the semirigid PVC compounds 
displayed consistent and outstanding per- 
formance in these tests in their resistance to 
crushing and deformation. For instance, the 
Goodrich Geon 8850, the Synthinol No. 801 
by Rome Cable Corporation, the Union 
Carbide QFDB 9250, and the Formulation 
No. V-116 by General Cable Corporation 
exhibited the greatest resistance to crushing 
and deformation in that the original 10- to 
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Conventionol РУС Primary Insulation and Nylon Jacket 
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Identification “CN 
Seon 693-10 mile 
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Semirigid and Conventional PVC Insulation 
‘without Nylon Jacket 


11-mil wall of compound thinned out to only 
about one-third to one-half the original 
thickness and consequently showed high 
insulation resistance values in both the dry 
and wet tests. Figure 5 shows skived sections 
of semirigid PVC-insulated specimens at a 
magnification of 8.5 times. 


20-Percent Faster 


By analyzing the deformation data 
shown in Table 1, it would appear that the 
primary insulation on the wire having the 
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conventional 10-mil PVC formulations 
and nylon jacket deform or thin out at an 
average rate of about 1% mils per day 
over a 6-day test period in this simulated 
slow compression test, notwithstanding 
the mechanical reinforcement of the nylon 
jacket. In the case of the semirigid PVC 
compounds of equivalent thickness, which 
made a good showing in these tests as 
listed in Table 2, indications are that these 
deform or thin out at an average rate of 
approximately 1 mil per day over a 6-day 
period. In other words, the commonly used 
conventional PVC compounds, even with 
the nylon protection, deform about 20 per- 
cent faster than the semirigid PVC 
formulations. 

This is an interesting phenomenon, 
because it indicates that the conventional 
PVC compound would be completely 
crushed, leaving only the nylon in contact. 
with the conductor, long before complete 
severing of the semirigid PVC formulation 
would occur. Consequently, in areas 
where prolonged periods of high temper- 
ature and relative humidity are encoun- 
tered, on the order of 90 degrees F and 
90 percent and higher, respectively, the 
performance from the standpoint of elec- 
trical leakage in electronic hookup wire 
service could be expected to be superior 
for the semirigid PVC-insulated conduc- 
tor. Although an appreciable thickness of 
nylon might be present on the nylon- 
jacketed wire after the conventional PVC 
compound had completely deformed, prac: 
ically no protection from an electrical 
leakage standpoint could be expected 
because of the low-volume resistivity 
inherent in nylon at high humidities. 

The importance of the foregoing electrical 
considerations can be emphasized by refer- 
ring to the performance in Western Union 
reperforator switching centers of multipair 
office cable formerly processed with enamel- 
and textile-insulated conductors. During 
periods of adverse weather conditions, as 
noted above, it had been difficult to operate 
the circuits adequately, even when using 
fans and heaters to dry out the wire and 
cable. When the proposal was made to sub- 
stitute PVC-insulated and nylon-jacketed 
wire for the enamel- and textile-insulated 
conductors in these cables as at present, the 
installation and operating divisions refused 
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to approve the substitutions unless the new 
cables were guaranteed to be superior in 
electrical leakage performance during periods 
of high temperature and humidity. 

Certain polyethylenes showed outstanding 
performance in these tests, particularly the 
high-density (ASTM Type 3) linear types 
such as the Hercules Hi-Fax 1605 and the 
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Figure S. Skived sections of semirigid insulated test 
specimens. Mog. 8.5 X 
E 


Union Carbide DGDB-4100, both of which 
have a tensile strength of only 3000 to 3700 
psi; these displayed a high percentage of 
their original thickness after the deformation 
test and excellent dry and wet insulation 
resistance values, Figure 6 shows skived 
sections of these samples at a magnification 
of 85 times. The high molecular weight low- 
density (ASTM Type 1) polyethylenes, such 
as DuPont Alathon-3B and Monsanto No. 
12203, exhibited erratic resistance to crushing 
and deformation. The low molecular weight 
medium-density (ASTM Type 2) poly- 
ethylene, such as DuPont PE-3000 showed 
little resistance to deformation. 

The high-density Phillips Marlex 50 poly- 
ethylene, which is known to develop stress 
cracking readily on bending even at room 
temperature, exhibited good crushing resist- 
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Figure 6. Skived sections of 
linear polyethylenes ond Phi 
ethylene. Mag. 8.5 X 
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iment insulated with 
high-density poly- 


ance but lacked strength in tension as indi- 
cated by the fact that these specimens ex- 
hibited cracks or splits through to the con- 
ductor on the convex side of the test samples 
(see Figure 6) and consequently showed а 
zero value in the wet insulation resistance 
test. 


From the limited number of compounds 
and tests considered in this study, the 
following general conclusions are drawn 
relative to the test method and perform- 
ance of the various instrument wire 
extruded coverings in the normally used 
10-mil radial wall thickness of primary 
insulation on No. 22 A.w.g. solid wire, 
herein considered, based on electrical 
efficiency and resistance to crushing, 
deformation and cut-through under sus- 
tained slow compression at slightly above 
room temperature: 


1. А mew concept, herein described, pre- 
sents to industry a realistic, simplified, 
reproducible, specification test method for 
determining ‘resistance to slow compression 
and cold flow (crushing at or slightly above 
room temperature) of thermoplastic insulat- 
ing formulations employed for instrument 
and hookup wire. It is believed that, in 
general, only about 4 or 5 days would be 
required to obtain significant results from 


specification heat 
shock tests like those called for in Western 
Union and other wire specifications. It would 
seem that a simplification of the test, from a 
specification consideration, would be the 
substitution for the insulation resistance 
measurements referred to herein, of а mini- 
mum voltage breakdown requirement, or a 
percentage of original breakdown or both, 
after the deformation test. 


2. Semirigid PVC formulations are com- 
‘mercially available which are superior in 
deformation characteristics to the commonly 
used conventional PVC compounds in com- 
bination with a nylon jacket based on over- 
all physical and electrical performance. These 
formulations can be expected to exhibit high 
resistance to slow compression and cold flow 
in normal instrument and hookup wire 
service. Also, these semirigid compounds 
will effect reduced diameters and generally 
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lower cost of the finished wire due to the 
fact that one extrusion operation of an 
expensive component is eliminated. Further- 
more, decreased installation and terminating 
costs and greater freedom from brittle 
terminations can be anticipated. 

3. In view of the relative performance of 
these semirigid PVC compounds and the 
regularly used combination of conventional 
PVC formulation and nylon jacket as applied 
to No. 22 Aw. solid wire in these tests, it 
would appear that, in stranded wire of the 
same gage or in other gages of solid and 
multistrand instrument wire where the com- 
bination of PVC and nylon formulations is 
‘employed, the substitution of an equal thick- 
ness of semirigid PVC formulation for the 
conventional PVC compound now specified, 
and the omission of the nylon jacket, would 
provide equivalent or superior performance 
in service including less flammability, as well 
as reduced diameters and lower cost. 


4. Heat-stabilized nonplasticized clear ny- 
lon of the various manufacturers exhibits a 
high degree of resistance to crushing and 
adequately reinforces in all probability almost 
any type of conventional PVC or polyethylene 
10-mil formulation from the standpoint of 
resistance to deformation and cold flow. 


5. With thin walls of conventional PVC 
formulation (such as 7 mils on No. 22 A.w.g. 
wire) in combination with a nylon jacket, 
indications are that deformation performance 
is critical with respect to kind of primary 
insulation employed and the thickness of 
nylon specified. It would seem that the sub- 
stitution of a semirigid PVC elastomer for 
the conventional PVC compound would be 
more effective in this construction to insure 
an acceptable degree of resistance to defor- 
mation and good over-all performance for 
the finished wire, particularly abrasion re- 
sistance. 

6. In accordance with expectations, high- 
density polyethylenes (ASTM Type 3) are 
characterized by outstanding resistance to 
deformation. These formulations are econom- 
ical but are objectionable from a flammability 
standpoint for use as instrument wire. 

7. Low- and medium-density polyethyl- 
enes (ASTM Types 1 and 2), with and without 
flameproofing ingredient, do not display ade- 
quate resistance to deformation for use ак 
the primary insulation on instrument and 
hookup wire unless a protective jacket such 
as nylon is applied to insure acceptable per- 
formance from this standpoint. 
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Further Developments 


Space considerations are becoming so 
compelling that, within the recent past, 
the use of high-strength, high-conductivity 
copper base alloys having superior flex- 
life is being promulgated in the finer sizes 
of instrument wire such as No. 24 A.w.g. 
and small diameter wire where breakage 
during installation and in service of stan- 
dard annealed copper has been a serious 
deterrent to size reduction. 

To take full advantage of reduced wire 
diameters, much thinner walls of insulat- 
ing compounds than those presently em- 
ployed are a requisite. Since new advances 
in technology of synthesizing materials 
have become an almost everyday occur- 
rence it is possible, within the next few 
years, that polymer chemistry may make 
available to the communications and 
electronics industries new dielectric 
materials, for general instrument and 
hookup wire use, capable of improved 
cold flow characteristics and superior 


over-all performance to the extent that 
drastically reduced diameters and cost of 
these wire products will be effected, thus 
opening new service horizons. 
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Technical Associates of Western Union—III 
Microwave Associates, Inc. 


Founpep in 1950, Microwave Associates, 
Inc, is located in Northwest Industrial 
Park, Burlington, Massachusetts, as are 
Dynametries and Technical Operations, 
Incorporated, also Western Union afili- 
ates. 


the specialized semiconductor devices devel- 
by Microwave Aociotes ore 


‘The firm concentrates on the design and 
manufacture of specialized microwave 
devices which are used in current radar, 
microwave communications, and missile 
systems. Strong research orientation о 
solid-state physics, electron physics, 
gas phenomena has maintained a po 
of leadership for the company, most 
notably in the fields of high-power micro- 
wave tubes and in microwave semicon- 
ductors. 

Products typically developed by the 
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three divisions of Microwave Associates 
are: compact magnetrons, gas and ferrite 
duplexers, microwave modulators, ferrite 
devices (Tube Division) ; microwave semi- 
conductors, varactor diodes, and computer 
diodes (Semiconductor Division); and 
microwave test equipment, pressure win- 
dows, and custom engineered microwave 
components (Components Division) 

‘The most recent product development 
has stemmed from research and experi- 
ence gained in the company-pioneered 


Extensive test equipment is required for research evalu: 
lions in ulrohigh-power duplexing. 


actor (variable capacitance-voltage 
variable) diode program. Microwave 
Associates recently introduced a line of 
ultrahigh-speed diodes for use in com- 
puters and other electronic data process- 
ing equipment which operates at micro- 
wave speeds. 

The research and engineering capabil- 
ities of Microwave Associates coupled 
with their microwave products comple- 
ments Western Union's development of, 
and expansion into communications sys- 
tems. At present, Western Union holds 
approximately 25 percent of the common 
shares of Microwave Associates stock. 
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FRED W. SMITH, Assistant to Apparatus Engineer 


European Teleprinter Developments 


For years Western Union has been active in teleprinter development. Often with 
material aid from Western Union, the carlier designers in this country assiduously developed 


instruments suitable for American telegraph services. Now, 


introduction into the 


Western Union system of printing telegraph apparatus made abroad has generated an 


increased interest in European designs. 


WEN the Committee on Technical 
Publication first requested an article 
comparing European and American tele- 
printers, there did not appear to be suffi- 
cient differences in the fundamental con- 
cepts of the two versions of printing 
telegraph apparatus to justify a full-length 
article on this subject. However, a study 
of various European teleprinters indicated 
that perhaps there were enough interest- 
ing variations to warrant a paper. The 
difference in geographical size of countries 
in Europe as compared with the United 
States, the different population densities, 
the many languages used, and the rela- 
tively short distances between industrial 
centers in most European countries re- 
sulted in a somewhat different approach 
to the solution of telecommunications 
problems in Europe. 


Consultative Committee on 
International Telegraphy 


In Europe the necessity for intercom- 
munication between many countries each 
with its own language, concentrated in a 
comparatively small area, prompted early 
study of the possibility of establishing 
international standards for record com- 
munications equipment. While the tele- 
graph industry was still in its infancy, the 
International Telecommunication Union 
(ITU) was established to promote adop- 
tion of standards acceptable to all member 
nations of the union. When the ITU was 
first established, telegraphy was the most 
widely used form of international tele- 
communications. When other forms of 
telecommunications, such as telephony 
and voice radio, became commonly used, 


the ITU organized separate committees to 
assume responsibility for various forms 
of telecommunications. The Consultative 
Committee on International Telegraphy 
(CCIT) was established to set up stand- 
ards for the telegraph industry, and the 
Consultative Committee on International 
Telephony (CCIF) was organized to 
accomplish the same purpose in inter- 
national telephony. Later these two com- 
mittees were combined to form the Con- 
sultative Committee on International 
Telegraphy and Telephony (CCITT). The 
standards recommended by them and 
adopted by most of the countries of the 
world account for the major differences 
between European and American tele- 
printers. 

‘The United States is not a signatory to 
these international agreements, however, 
and has not adopted the international 
standards for telegraphy. There are 
several reasons for this. At the time the 
standards were first proposed, Western 
Union had several thousand teleprinters 
in service and the United States was well 
in the lead in the use of printing telegraph 
apparatus. In deference to this fact, the 
CCITT abandoned the five-unit Baudot 
code assignment, then used in Europe for 
multiplex telegraphy, and adopted the 
Western Union Murray code character 
assignment for all letters of the alphabet. 
The marking and spacing pulse assign- 
ments for the letters of the alphabet in 
these two codes were different for almost 
every character. 

‘Thus, the European members of the 
ITU made a major concession to the 
United States partly, perhaps, to encour- 
age adoption by the USA of the ITU 
standards. However, the ITU did not 
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adopt all of the upper-case character 
assignments then in use by Western Union. 
This resulted in several differences be- 
tween the keyboards used in the United 
States and those adopted as the inter- 
national standard. (Details of the differ- 
ences as they exist today will be described 
later.) The United States participated in 
the ITU conference which adopted the 
new standard keyboard, but did not sign 
the agreement. The remote location of the 
United States and the relatively small 
volume of international telegraph com- 
munications between this country and 
Europe at that time probably did not seem 
to justify the expense involved in convert- 
ing Western Union teleprinters to conform 
to the new standards. 

Perhaps another reason for failure of 
the United States to adopt the CCITT 
standards was the fact that several inde- 
pendent companies provided telegraph 
communications service to the American 
public and each company operated inde- 
pendently of the others. By contrast, 
telegraph service in most of the countries 
in Europe was and is a government-owned 
monopoly and the problem of resolving 
conflicting interests did not exist within 
these countries, 


The CCITT Keyboard 


The standard page teleprinter key- 
board! adopted by Western Union several 
years ago differs from the present stand- 
ard CCITT No. 2 keyboard only in the 
upper-case character assignments of six 
letters. These differences are listed below: 


ытта UPPER-CASE CHARACTER 
wa. car 
.. $  Whoare you? 
- 9 Not Used 
= & ^ Not Used 
- # Not Used 


‘The CCITT standards prohibit use of 
the upper-case F, G, and H in international 
traffic. These three character positions are 
reserved for internal use and each mem- 
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ber country is free to assign any desired 
character to the upper case of these three 
letters. Thus, there is no real conflict 
between Western Union’s standard key- 
board and the CCITT No. 2 keyboard on 
these three characters. 

The CCITT agreement also prohibits 
the use of monetary symbols in interna- 
tional traffic, for rather obvious reasons. 
The many different currencies in use in 
various contries make it impractical to 
provide a monetary symbol for each cur- 
rency on a keyboard limited to only 64 
characters, including the essential non- 
printing functional characters. Either by 
intent or by a fortunate coincidence, the 
CCITT chose to use the upper case D as 
the  "who-are-you" character. Since 
Western Union uses the dollar sign on the 
upper case D and monetary symbols are 
prohibited in international traffic, this 
difference is of minor importance. 

The two remaining differences between the 
two keyboards are possible sources of con- 
fusion and misunderstanding when direct 
customer-to-customer teleprinter communi- 
cations between the United States and foreign 
countries becomes a substantial part of 
Western Union's business, as seems likely in 
the years to come. The plus sign used on the 
upper-case Z in international communications 
denotes the end of transmission. The plus sign 
followed by а question mark means “I have 
completed my message. Do you have anything 
to send?” The equals sign on the upper case 
V is used for its conventional purpose and 
has no other significance. 

When Western Union established the first. 
Telex exchange in New York? to permit 
direct customer-to-customer teleprinter con= 
nections with Canadian Telex subscribers," 
а temporary solution was worked out to 
resolve the conflict between the Western 
Union keyboard used by our Telex sub- 
scribers and the CCITT No. 2 standard key- 
board used in Canada. It was necessary to 
eliminate the dollar sign normally used on 
upper case D in order to use this code assign- 
ment as the who-are-you character. The key 
caps of the remaining five characters were 
modified to show the Canadian upper-case 
symbols in the upper right quadrant and the. 
corresponding Western Union characters in 
the upper left quadrant. Thus, the upper 
right quadrants on the F, G and H key caps 
were left blank and the equals sign and plus 
sign, respectively, were embossed on the 
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upper-case V and Z key caps. The standard 
Western Union symbols were printed on the 
upper left quadrants of these key caps. When 
an American subscriber communicates di- 
rectly with a Canadian subseriber, he must 
not use the upper case F, G or H. If he uses 
the upper case V or Z, he must remember 
that these characters will not print a semi- 
colon and quotation marks, respectively, on 
the Canadian teleprinter. 

No discussion of the differences between 
the CCITT and United States keyboards 
would be complete without some mention of 
that used by the American Telephone and 
Telegraph Company. When the latter first 
decided to inaugurate a manual teleprinter 
exchange service (TWX) in the United 
States, it was apparently intended principally 
for brokerage use. The keyboard was 
equipped with fractions on many of the 
‘upper-case characters, presumably to expe- 
dite stock quotations. In addition, the bell 
signal was assigned to upper case $ instead 
of J. This resulted in a keyboard that is 
radically different from both the standard 
Western Union and the CCITT keyboards, 
but is almost identical to the Western Union 
Туре “С” keyboard used by many brokerage 
customers in leased-wire systems. The prob- 
lems created in using it for direct customer- 
to-customer connections between foreign and 
TWX customers have discouraged the use 
of such connections and have probably had 
some effect on retarding the growth of inter- 
national point-to-point connections to and 
from the United States. 


The CCITT Code 


‘The most significant difference between 
European and American teleprinters is in 
the speed of operation. The standard 
CCITT code has been described in the 
Technical Review previously,“ but a brief 
review will be given for the benefit of 
readers who may not be familiar with it. 
This code uses a speed of operation of 
400 characters per minute and а 7.5-unit 
code pattern. The start pulse and the five 
code pulses are each 20 milliseconds long 
and the rest pulse is 30 milliseconds long. 
‘The modulation rate is 50 bauds. (A baud 
is the inverse of the unit-pulse length in 
seconds.) 

The code adopted by the CCITT is 
naturally attractive to engineers because 
of its numerical simplicity as compared 
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to the roughly equivalent American codes 
with their 22-millisecond pulse lengths, 
45.45-baud modulation rates, and 7.0- or 
7.42-unit code patterns. There are, how- 
ever, more tangible advantages in the 
CCITT code. The 400-opm speed simplifies 
the design of gears when a standard syn- 
chronous motor rotating at 1800 or 3600 
rpm is used to drive transmitting appar- 
atus, since no compromises in speed are 
necessary to obtain practical gear ratios. 
The 7.5-unit code pattern also simplifies 
the design of electronic distributors, use 
of which is rapidly increasing, as com- 
pared to the design for а 742-unit code 
pattern. 

In Europe it is common practice to refer 
to the modulation rate in bauds, rather than 
to the speed in operations per minute or 
words per minute. This has the advantage of 
eliminating the necessity for specifying the 
code-patiern used, since all codes employing 
the same baud rate are compatible,” regard- 
less of whether a 7.0-, 7.42-, or 7.5-unit code 
pattern is used. 

To a telegraph engineer, the baud has addi- 
tional significance. A square wave such as 
that generated by a teleprinter keyboard 
consists of a fundamental frequency plus an 
infinite number of odd harmonics. Theoret- 
ically, a perfect square wave cannot be pro- 
duced without these harmonics, In actual 
practice, however, an essentially square wave 
can be generated by combining the funda- 
mental frequency and the third and fifth 
harmonics. Thus, a cireuit which will trans- 
mit all frequencies from the fundamental to 
the fifth harmonic without distortion will 
satisfactorily transmit the square wave. Since 
the baud rate is twice the fundamental fre- 
quency, a circuit which will satisfactorily 
pass frequencies up to 2.5 times the baud 
rate will transmit telegraph signals without 
appreciable distortion. 

In some systems, when customer-to-cus- 
tomer teleprinter communication service is 
established between a customer in America 
and one in Europe, equipment must be pro- 
vided to convert cast-bound traffic from 
45.45 bauds to 50 bauds and west-bound 
traffic from 50 to 45.45 bauds. In the case of 
TWX subscribers in the USA, equipment 
must also be provided to convert the upper- 
сазе characters used in TWX so that the 
character transmitted by a TWX subscriber 
will print the correct character or sequence 
of characters on the CCITT teleprinter. If 


WESTERN UNION TECHNICAL REVIEW 


the fraction 7& (upper case N) is transmitted, 
it must be converted to print three charac- 
ters: upper case U (Т), upper case X (diag- 
onal), and upper case | (8). Similarly, trans- 
mission from a European to а TWX 
teleprinter must also be converted. Under 
the CCITT regulations, the burden of fur- 
nishing the necessary conversion equipment 
must be borne by the company or country 
which does not use the CCITT standards, and 
since this equipment must be provided for 
every telegraph channel, the initial cost and 
the maintenance cost could be burdensome 
to American companies which provide Telex 
service to Europe. Also, the speed differences 
and keyboard variations prohibit direct inter- 
connection of American and European sub- 
scribers. In the case of west-bound traffic, 
tape storage is necessary because of the 
higher transmission speed used in Europe. 

Recently, Western Union adopted the 
CCITT standard 50-baud modulation rate 
for use on its Telex teleprinters and Telex 
ASR sets and also changed the upper case F 
character from the paragraph sign to the 
dollar sign. Western Union's Telex tele- 
printers were also modified to print 69 char- 
acters per line, which is the CCITT standard, 
instead of 72. After this conversion was com- 
pleted, the only remaining discrepancies 
between the CCITT No. 2 standard keyboard 
and Western Union's Telex keyboard were 
in the upper case У and Z character assign- 
ments previously deseribed. 

A great deal of this article has been 
devoted to discussing the CCITT stand- 
ards because their adoption in Europe but 
not in the USA has created the only fun- 
damental differences between standard 
American and European teleprinters. 
There are, of course, other minor differ- 
ences, but these two (code assignment and 
speed) are the only ones which prevent 
direct interconnection, The other differ- 
ences to be described are primarily due to 
the varying requirements that exist in 
Europe and America and are mainly dif- 
ferences in accessories rather than in 
fundamental design. 


Message Switching Versus Circuit Switching 


In Europe, the geographical size and 
population densities made Telex-type сїг- 
cuit-switching systems practical. In the 
United States, on the other hand, greater 
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distances between cities and lesser popu- 
lation density made message-switching 
systems more economical. Circuit-switch- 
ing systems utilize trunk eircuits between 
major switching centers much less 
efficiently than message-switching sys- 
tems, and this is particularly true of 
automatic circuit-switching systems such 
as Telex, 

‘The number of trunk circuits required 
between two circuit-switching centers is 
determined by the volume of traffic and 
the permissible number of lost calls dur- 
ing the busy hour due to lack of avail- 
ability of an idle trunk circuit. During 
periods other than the busy hour the 
trunk facilities available are far greater 
than the minimum number required to 
handle satisfactorily the volume of traffic. 
In message-switching systems, on the 
other hand, delays of several minutes 
during the busy hour are not serious and 
there is no lost-call rate involved in these 
systems. In manual circuit-switching sys- 
tems where an operator must establish 
each connection, as in TWX, a much 
higher lost-call rate can be tolerated, since 
the manual switchboard operator can call 
back the customer who initiated the lost 
call when an idle trunk circuit becomes 
available, thus making it unnecessary for 
the customer to initiate a call the second 
time. 

In Europe, where distances between 
major cities in most countries are short 
as compared with the United States, 
inefficient use of trunk circuits was rela- 
tively unimportant. In the latter country, 
on the other hand, greater distances 
between many of the major cities and the 
resulting high cost of trunk circuits dic- 
tated the use of message-switching sys- 
tems during early development of tele- 
graph switching systems. However, rapidly 
increasing population density and the 
growth of industry, with an accompanying 
increase in telegraph traffic in the busi- 
ness community, and technical develop- 
ments such as new carrier systems which 
have reduced the cost per mile of tele- 
graph circuits, are reducing the economical 
advantages of message-switching over 
circuit-switching systems. 

‘Automatic circuit-switching 


systems 


EUROPEAN TELEPRINTERS + 165 


provide faster communication between 
any two subscribers than is possible in a 
message-switching or a manual circuit- 
switching system. In today's Telex, for 
example, any subscriber can obtain a 
direct point-to-point connection with any 
other subscriber in the system within ten. 
seconds by dialing a six or seven-digit 
number. Since modern Telex is an auto- 
matic unattended service, it is essential 
that the calling subscriber be able to 
identify the station to which he is con- 
nected, even though the called station is 
unattended. This requirement led to the 
development of automatic answer-back 
units, available as a standard accessory 
оп all European teleprinters. 


Answer-back units used on most Euro- 
pean teleprinters consist essentially of a 
rotatable drum or cylinder equipped with 
coding dises or combs which control the 
Keyboard contacts when the answer-back 
unit is actuated. A ratchet and pawl are 
generally used to step the drum through 
опе complete revolution when the who- 
are-you character (upper case О) is 
received by the printing unit. Power for 
stepping the answer-back unit is supplied 
by the keyboard transmitting shaft, which 
steps the drum once for each revolution 
of the shaft, At the end of one revolution 
of the answer-back drum, the feed mecha- 
nism is automatically disengaged and the 
drum stops rotating. 

During the revolution of the drum, the 
coding elements control the characters 
transmitted from the keyboard transmi 
ter. The keyboard shaft driving clutch is 
allowed to remain in the engaged position 
so that the transmitting shaft rotates con- 
tinuously until the answer-back drum 
completes its revolution, at which time 
the keyboard clutch is mechanically dis- 
engaged and the answer-back unit comes 
to rest in its home position. 

One revolution of the drum transmits 
from 19 to 21 characters, depending on the 
design of the answer-back unit, and these 
characters can be coded to identify the 
subscriber, either by transmitting his 
name, an abbreviation of his name, or his 


Telex number. However, a word or code 
name is almost always used in preference 
to the Telex number, since this provides 
a cross-check for the calling subscriber 
and gives some protection against errors 
in reading the Telex number from the 
directory. 

In order to prevent simultaneous trans- 
mission of answer-back codes from both 
teleprinters in a point-to-point connection, 
the answer-back unit must be prevented 
from responding to an upper-case О trans- 
mitted from its own keyboard. This is 
accomplished mechanically by blocking 
the answer-back triggering device mo- 
mentarily when the D key lever is de- 
pressed. A separate off-line key called 
a "heres" key is provided for locally 
tripping off the answer-back unit without 
sending the who-are-you character to the 
ine. 


'erforated Tape Accessories 


Tape perforating and transmitting 
equipments used with European tele- 
printers are quite different from their 
American counterparts. Most of the tele- 
printers made in Europe can be equipped 
with an auxiliary tape reperforator which 
is mechanically linked to the printing unit, 
so that tape and page copy can be pre- 
pared simultaneously when a message is 
received or transmitted. Linking the re- 
perforator to the printer in this manner 
eliminates the need for a second receiving. 
selector assembly and simplifies the design 
of the punching unit. However, it also 
imposes certain limitations on the unit. 
For example, a tape cannot be perforated 
for subsequent transmission without also 
obtaining a page copy of the message, 
since the keyboard must transmit to the 
printing unit in order to operate the 
punching unit. With this method of opera- 
tion, the keyboard must always be oper- 
ated as a cadence keyboard and there is 
no provision for manually switching to a 
"free" keyboard position for tape prepara- 
Чоп without a hard copy. A mechanical 
switch is provided, of course, so that the 
reperforator can be turned on or off. 
The who-are-you character must not be 
perforated in tape which is to be transmitted 
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over an automatic circuit-switching system, 
since it would actuate the automatic answer- 
back unit at the distant station and result in 
“busting up” at least 20 characters while 
transmission was occurring simultaneously 
in both directions. In order to prevent such 
accidental perforation, most European per- 
forator attachments оп teleprinters are 
arranged so that the D character cannot be 
perforated from the keyboard when the tele- 
printer is in the upper case. 

A distributor-transmitter attachment is 
also available as an accessory on most Euro- 
pean teleprinters. This unit is driven by the 
teleprinter motor through the necessary 
additional gear trains. These attachments are 
generally very simple in design, with few 
special features provided other than а tape- 
ош pin. 

Compared to their American equiv- 
alents, the tape perforating and transmi 
ting attachments used on European tele- 
printers are very simple but are limited 
in versatility. Their simplicity, however, 
results in a considerable cost advantage 
over equivalent automatic send-receive 
sets manufactured in America. In general, 
the cost of a European teleprinter 
delivered in the USA, duty-paid, is com- 
parable to the cost of an equivalent 
‘American-made teleprinter, but the cost 
of a European teleprinter equipped with 
tape perforating and transmitting attach- 
ments is on the order of 30 percent to 
50 percent less than the cost of an 
‘American-made ASR set. The lack of 
versatility of the European ASR sets is 
not particularly important in Telex serv- 
ice, where the necessary automatic con- 
trols are incorporated in the switching 
system rather than in the terminating 
equipment. 


Two-Color Pris 


One feature used on many European 
teleprinters, but almost unknown in the 
USA, is two-color printing for distinguish- 
ing between sent and received messages. 
When a teleprinter is equipped with this 
attachment, messages received by the 
typing unit are printed in black, but when 
messages are transmitted from the key- 
board a ribbon-lifter mechanism, usually 
associated with the keyboard, causes 
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printing to occur in the red half of the 
ribbon. The device is fully automatic so 
that no conscious effort on the part of the 
operator is required to utilize the two- 
color printing. This attachment is useful 
in automatic circuit-switching systems 
where two-way conversations are fre- 
quent. It also helps to distinguish between 
sent and received messages which have 
been filed away for future reference. 


The Four-Row Keyboard 


In Europe, three different types of key- 
boards are available for most teleprinters. 
One is the conventional 3-row keyboard 
used in the USA. The second type is the 
so-called “4-row standard" or "4-row ex- 
panded” keyboard in which every upper- 
case printing character is placed on a 
separate key lever instead of being com- 
bined with its corresponding lower-case 
character. For example, the letter Е and 
the digit 3 are on separate key levers. 
When the letters-shift key lever is de- 
pressed, a sliding bar equipped with block- 
ing lugs is automatically positioned so that. 
all upper-case key levers are blocked and 
cannot be depressed. Similarly, when the 
figures-shift key lever is depressed, all 
letters key levers are blocked. Thus. an 
operator cannot erroneously transmit let- 
ters characters when the keyboard is in 
the figures case, and vice versa. 

There are two advantages to this type 
of keyboard. First, it more closely re- 
sembles a typewriter keyboard than does 
any other type of teleprinter keyboard. 
Secondly, it is impossible for a touch 
typist using this keyboard to transmit 
errored characters due to the keyboard 
being in the wrong shift case. These two 
advantages are important to users who 
send and receive a small volume of tele- 
graph traffic and who therefore assign a 
typist or secretary to operate the tele- 
printer. For a professional teleprinter 
operator, however, the large number of 
keys (usually 57) on this type of key- 
board seems awkward and inefficient. 

The third type of keyboard available is a 
compromise between the 3-row and the 4- 
row standard which appeals to many typists 
and teleprinter operators. This keyboard, 
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known as the “4-row condensed”, separates 
the ten digits from their corresponding 
lower-case characters and these digits are 
placed on a fourth row of key levers just 
above the top row of letters keys. Punctua- 
tion marks and symbols are not placed on 
separate keys. The same type of letters- 
figures blocking bar used on the 4-row 
standard keyboard is also used on the 4-row 
condensed version. When the letters key is 
depressed, this bar blocks only the row of 
figures keys. When the figures key is 
depressed, the top row of letters keys 


(QWERTYUIOP) is blocked. This provides the 
same protection, but to a lesser degree, as 
the blocking bar on the 4-row standard key- 
boards. In the English language, the top row 
of letters characters contains several letters 
that are among the most frequently used and 
it is difficult to type more than а few letters 


in normal English without using one of these 
characters, 

A question frequently asked by those 
who are not familiar with the 4-row Euro- 
pean keyboards is whether the upper-case 
characters are compatible with the upper- 
case characters on American keyboard: 
that is, if the digit 3, for example, is tran: 
mitted from a 4-row keyboard, will the 
American teleprinter print the 3? The 
answer, of course, is that the two are com- 
patible except for the differences previ- 
ously cited between the CCITT No. 2 and 
the American keyboards. Separation of 


the upper-case characters on the keyboard 
is purely mechanical and has nothing to 
do with the code combinations assigned to 
these characters. 


Major European Teleprinter Manufacturer 


The four major manufacturers of tele- 
printers in Europe are Lorenz and Siemens 
& Halske in Germany, Olivetti in Italy, 
and Creed in England. All four of these 
companies are major manufacturers of 
telegraph apparatus and all of them export 
their products to countries all over the 
world. Lorenz and the Creed company are 
both affiliates of the International Tele- 
phone and Telegraph Corporation, 


Lorenz LO-15 Teleprinter 
‘The Lorenz Model LO-15B Teleprinter, 


shown in Figure 1, was originally manu- 
factured under license from Teletype 
Corporation, and the close resemblance 
between the Lorenz LO-15 and the Tele- 
type Model 15 is readily apparent when 
the cover is removed, as in Figure 2. 
Minor design changes were made in the 
basic teleprinter by Lorenz engineers, 
particularly in the keyboard. The trans- 
mitting shaft clutch trip mechanism was 
redesigned and the universal bar mech- 
anism was modified to reduce the force 
required to position the universal bar. 
These two relatively minor changes pro- 
duced an appreciable improvement in the 
keyboard touch and reduced the possibil- 
ity of repeat-character errors (two sue- 
cessive transmissions of the same charac- 
ter when a key lever is depressed only 
once). However, the principal contribution 
made by Lorenz engineers was in the 
design of the answer-back unit, the reper- 
forator attachment, the distributor-trans- 
mitter attachment and the 4-row keyboard 
shown in Figure 1. In this illustration, the 
perforator attachment is located at the 
left of the keyboard and the perforated 
tape can be seen feeding out towards the 
front of the teleprinter. The two push 
buttons just below the perforator are the 
“on” and “off” buttons. The button on the 
left is the off button and is indicated by a 
circle with a dot outside the circle. When 
this button is depressed the perforator is 
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turned off, ог out of operation. The button 
on the right, with a dot inside the circle, 
turns the unit on, or puts it in operation 
The distributor-transmitter attachment 
can be seen at the right of the keyboard 
with tape feeding from right to left. The 
оп and off buttons for this attachment are 
located directly below the reading head. 

The answer-back unit 
mounted behind the cover on 
the right side of the keyboard 
base, can be seen in Figure 2 
‘The here-is key is located just 
to the left of the answer-back 
unit. Depressing this key me- 
chanically releases the answer- 
back unit and causes it to 
transmit the answer-back code 

The Lorenz teleprinter illus- 
trated in Figure 1 is a late 
model incorporating a number 
of design changes. In former 
models, such as the one shown 
in Figure 2, the tape fed 
ihrough the transmitter from 
front to back. After passing 
over the reading head, it made 
a complete loop behind and 
beneath the transmitter and 
‘emerged from the front of the 
unit. The cover of the LO-15B 
has also been redesigned and 
presents a much more modern 
appearance than the older 
covers, which were very simi- 
lar to the Teletype Model 15 
Teleprinter covers. 

Metric threads are used on 
all fasteners on the Lorenz 
teleprinter, as they are on 
most European teleprinters. The gears are 
also manufactured to metric standards. In 
spite of this, more than half of the parts 
used on Lorenz teleprinters are inter- 
changeable with corresponding parts used 
on Teletype Model 15 Teleprinters. 
Western Union, in fact, has adopted the 
Lorenz answer-back attachment for use 
оп Model 15 Teleprinters manufactured 
by Teletype for use in Western Union 
Telex service. It is necessary to furnish 
only a few minor parts manufactured by 
Western Union in order to permit installa- 
tion of the Lorenz answer-back on 
Western Union's teleprinters. 
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Olivetti T. 


The Olivetti teleprinter shown in Fig- 
ure 3 is equipped with a 3-row keyboard, 
an answer-back unit with a 21-character 
capacity, a tape perforator attachment, 
and two-color printing. The type basket 
on this teleprinter is stationary and the 
platen assembly moves from right to left 


leprinter 


as a line is printed, as on Western Union's 
Туре 100 Teleprinters. All keys except the 
carriage return key are automatically 
locked when the platen reaches the end 
of a line, thus preventing overprinting. De- 
pressing the carriage return key unlocks 
the keyboard. The teleprinter is made up 
of seven subassemblies which can be re- 
moved readily as complete units. The 
receiving selector assembly, which has 
excellent tolerance to distorted signals, 
can be used to receive either make-break 
or polar signals. Conversion from one 
mode of operation to the other can be 
done quickly and easily. Likewise, the 
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sending unit can transmit either make- 
break or polar signals. 

Unlike most European teleprinters, the 
Olivetti does not use a friction-type re- 
ceiving selector clutch. The clutch used 
is an all-metal one with three pawls, any 
опе of which can engage internal teeth 
on a clutch drum surrounding the pawl 
assembly. There are 58 teeth 
on the drum and the three 
pawls are spaced 120 degrees 
apart. Since 58 is not divis- 
ible by three, only one pawl 
can engage the toothed drum 
at one time and there are 
58 times 3, or 174 possible 
engagement positions. The 
variation in take-up time of 
the clutch is thus equivalent 
to only a little more than two 
degrees rotation of the selec- 
tor shaft. 

Mounted just to the left of 
the receiver range scale is a 
vibrating reed type of speed- 
ometer, used to indicate the 
speed of the governed motor. 
This speedometer is claimed to 
be accurate within 0.2 percent 
and is quite convenient for use 
in adjusting the motor speed. 
Governed motors, incidentally, 
are far more commonly used 
on European teleprinters than a-c synchro- 
nous motors because of the many different 
voltages and frequencies used in European 
power systems and also because of the 
relatively unstable frequencies in European 
a-c systems. 

‘The maximum speed of the Olivetti tele- 
printer is 75 words per minute. The trend 
towards higher speeds is not as prevalent in 
Europe as it is in this country and until ve 
recently European teleprinters were not 
designed for 100-word-per-minute operation. 

The perforator attachment and its tape 
supply reel are located on the left side of the 
teleprinter. This unit punches chad tape with 
in-line feed holes, as do all European ре: 
forator attachments. The receiving selector, 
located just below the range scale which is 
clearly visible at the left center section of 
the photograph, controls the punch position= 
ing mechanism which determines the char= 
acters to be perforated їп the tape. The 
answer-back unit, which cannot be seen in 


removed 


o 


the photograph, is located beneath the trans- 
mitting contact assembly. The latter assembly, 
which is to the right of the right ribbon spool 
shaft, is enclosed by a transparent plastic 
cover which protects the contacts from oil 
and dirt while permitting the operation of 
the contact mechanism to be observed. 

‘The Olivetti model shown is equipped with 
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Figure 3. Olivetti teleprinter and roperforator attachment with cover 


a special 3-row keyboard roughly corre- 
sponding to the TWX keyboard. When the 
figures-shift key is depressed, the D key 
lever is automatically blocked so that the 
who-are-you character cannot be trans- 
mitted accidentally. A separate who-are-you 
key lever is provided for transmitting the D 
character when the keyboard is in the upper 
case. This key lever is one of the group of 
three separated from the three rows of 
standard key levers and located at the upper 
right of the keyboard. With the keyboard in 
the figures position, depressing this key lever 
will cause the transmitting contacts to send 
the D character. A second key lever in the 
group of three is the here-is key, which 
mechanically trips the answer-back unit to 
transmit the teleprinters own identifying 
code. The third key in this group is a гере: 
character key, known in European termin- 
ology as a run-out key. Holding this key 
lever down causes the last character trans- 
mitted to be sent continuously. 
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А tape transmitter attachment is not 
available for the Olivetti teleprinter and a 
separate distributor-transmitter must be 
used for tape transmission. 
Creed Model 75 Teleprinter 

In 1958, Creed and Company in England 
started production of a new page tele- 
printer designed to replace older Creed 
models. This teleprinter, known as Creed 
Model 75, is the only teleprinter described 
here which has not been tested or evalu- 
ated by Western Union. However, it has 
been demonstrated to Western Union 
engineers and a description of the unit has 
been published.* The Model 75, shown in 
Figure 4, is a very compact unit, meas- 
uring 15-3/4 inches in over-all width, 
15-3/16 inches in depth, and 11 inches in 
height. A send-receive teleprinter weighs 
approximately 42 pounds. 


Figure 4. Creed Model 75 Teleprinter 


Unlike previous Creed teleprinters, the 
“75” has a stationary platen and a moving 
typewheel, instead of the moving platen and 
fixed typewheel used in previous Creed 
models, The typewheel has four rows of 
racters, with 16 characters in each row 
The top row and the 3rd row contain the 
letters characters and the 2nd and 4th rows 
contain the figures characters. A link-type 
aggregate motion mechanism combined with 
rack and pinion mechanisms are used to 
position the typewheel to the selected verti- 
cal and rotary positions. The 2nd pulse, in 
combination with the letters-figures mech- 
anism, determines which vertical row of type 
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will be raised to the printing level. When 
the typing unit is in the letters-shift position, 
а 2nd pulse marking will select the Ist row of 
type and a 2nd pulse spacing will select the 
3rd row. With the typing unit in the figures- 
shift position, a 2nd pulse marking will select 
the 2nd row of type and a 2nd pulse spacing 
will select the 4th row. The 3rd pulse de- 
termines whether the typewheel will be 
rotated clockwise (3rd pulse marking) so 
that a character in the left half of the type- 
wheel will be selected, or counterclockwise 
(3rd pulse spacing) so that a character in the 
right half will be selected. Pulses 1, 4 and 5 
determine the angle through which the type- 
wheel will be rotated and, thus, which of the 
eight characters in the selected half of the 
row will be brought to the printing position 
A type hammer is not used for printing. The 
typewheel itself strikes the ink ribbon and 
platen to perform the printing. 

Perhaps the most novel and interesting 
feature of the Creed 75 is the translator 
unit. This unit positions the typewheel 
when signals are received by the selector 
magnet on the receiver. It also transmits 
signals to the line and positions the type- 
wheel when the keyboard is operated. The 
keyboard is mechanically linked to the 
typing unit, When a key lever is depressed, 
the code corresponding to this key lever 
is set up on five combination bars. These 
bars set up the code mechanically on a set 
of five selecting pins on the translator unit. 
A group of six cams on the translator then 
positions the typewheel mechanically to 
correspond to the character transmitted. 
A second group of nine cams on the trans- 
lator operates the transmitting contacts to 
send the selected character to the line and 
to reset the keyboard so that a key lever 
can again be depressed. The keyboard is 
reset about one-third of the way through 
the transmitting cycle. Operation of the 
keyboard thus mechanically positions the 
typewheel and initiates the printing cycle, 
independently of the line transmission 
from the transmitting contacts on the 
translator unit. This reduces the delay 
between the depression of a key lever and 
the subsequent printing of the selected 
character, resulting in a touch similar to 
the touch on a typewriter, rather than on 
a conventional teleprinter. With this 
arrangement the keyboard is not a true 
cadence keyboard and the speed of typing 
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сап vary somewhat above and below the 
speed for which the teleprinter is geared. 
‘The Creed 75 is capable of operating at 
speeds up to 100 words per minute. 

When signals are received by the selec- 
tor magnet, the five selecting pins on the 
translator are positioned by the selector 
armature instead of the key levers on the 
keyboard. The cams on the translator 
position the typewheel in the same man- 
ner as when the keyboard is operated. 

А send-receive switch operated by a 
cam on the translator shorts out the trans- 
mitting contacts when signals are received 
by the selector so that the transmitting 
contacts will not repeat the received sig- 
nals. Similarly, the selector magnet is dis- 
connected from the receiver when the 
keyboard is operated. 

A tape reperforating attachment is 
already available for the Creed 75 and a 
tape transmitting attachment is expected 
to be available soon. The reperforator 
attachment mounts on the right-hand side 
of the teleprinter instead of the left-hand 
side, as on the Lorenz, Olivetti, and 
Siemens & Halske teleprinters. 


Siemens & Halske T Type 100 Teleprinter 


‘The “Т Type 100” teleprinter manufac- 
tured by Siemens & Halske in Germany 
is of particular interest to Western Union, 
since this teleprinter with its tape reper- 
forating and transmitting attachments has 
been adopted for use by Western Union аз 
a Telex ASR set after extensive laboratory 
and field tests. This ASR set, with a Telex 
remote control unit (dial box), is shown 
in Figure 5. The reperforator attach- 
ment, tape supply reel, and chad box are 
mounted on the left side of the teleprinter. 
There are four push buttons on this attach- 
ment, The top left button (labelled with 
a dot outside the circle) turns the reper- 
forator off and the bottom left button 
turns it on. The top right push button 
(labelled “L”) lifts the feed pressure roller 
to permit tape to be threaded into the 
reperforator. The lower right button 
(marked “R”) is the backspace control. 
Depressing and releasing this push button 
once causes the reperforator to backspace 
опе character. Just below the four control 
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buttons is a pointed tearing edge for the 
perforated tape. When this edge is used 
for its intended purpose, a message tape 
from the reperforator will be torn in the 
shape of an arrow with the head of the 
arrow at the beginning of the tape and 
pointing in the direction in which the tape 
should feed through the tape transmitter. 
This feature is very useful since the 
reperforator punches nonprinted chad 
tape with in-line feed holes, 
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Figure 5. Siemens & Halske Medel 100 Teleprinter with 
tape reperforating and transmitting ettechments. The 
БТ Yolen remote central ori 


The most interesting feature of the 
reperforator is that friction feed is used 
for feeding the tape. The tape passes 
between a feed roller and a spring loaded 
pressure roller which holds it firmly 
against the feed roller. There are no pins 
to engage the feed holes in the tape. This 
method of feeding has proven to be very 
satisfactory and maintaining the 10-char- 
acters-per-inch gauge of the tape has 
presented no difficulty. 

The teleprinter shown in Figure 5 is 
equipped with a 4-row condensed keyboard, 
but both 3-row and 4-row standard key- 
boards are available and any one of the 
three types can be converted to any other. 
Just above the top row of keys are six off- 
line control levers mounted in the cover. The 
first lever on the left is the repeat-character 
(run-out) lever and is identified by a series 
of dots to indicate repetition. The third lever 
from the left is the here-is control which 
mechanically trips off the answer-back unit 
to transmit the teleprinter's identifying code. 
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It is identified by the here-is symbol im- 
printed on it. The fourth lever from the left 
is a latching type switch lever which turns 
оп the copy light. It is identified by an 
electric lamp symbol imprinted on it. This is 
the only one of the three levers described 
which latches in the operated position. It is 
unlatched by pushing down on the projection 
at the bottom of the lever. The 
three remaining controls are 
not used at present, but are 
provided for use with ассез- 
sories now under development, 
such as local carriage return, 
line feed, or letters shift. The 
сору light shield shown in Fig- 
ше 5 can be tilted to any 
desired position to prevent 
flections of external lights in 
the transparent copy window 
1t сап be removed readily by 
the operator if it is not needed, 

‘The tape transmitting attach- 
ment fastened to the right side 
of the teleprinter is equipped 
with two push buttons which 
mechanically turn the trans- 
mitter on or off. A tape-out 
pin mechanically operates the 
off push button after the end 
of the tape passes over the pin. 
A remote control magnet built 
into the transmitter attach- 
ment provides a means for 
stopping the transmitter from 
the distant end. This magnet is connected in 
series with the line. If the line is opened 
while the transmitter is sending a rest pulse, 
the magnet armature will release and trip 
the mechanical off push button. The receiv- 
ing station can thus stop the transmitter by 
sending one or two blank characters or by 
momentarily opening the line. The trans- 
mitter will transmit from either chad or 
chadless tape with in-line feed holes. 

The Siemens & Halske Telex ASR set is 
shown in Figure 6 with the cover removed 
The vertical die casting at the left side of the 
keyboard, just to the right of the reperfor- 
ator attachment, contains the keyboard trans- 
mitting contact assembly. This is a single- 
contact type of transmitter and the contact 
is operated by an insulated cam mounted on 
a rocker shaft, The contact assembly can be 
either a make-break form for transmitting 
single current signals or a transfer form for 
transmitting polar signals. The contacts are 
completely enclosed in a metal housing to 
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6. Siemens Model 100 Teleprinter Set (Telex ASR Set) with co 
removed. Teleprinter shown is equipped with а 4-row condensed keyboord 


reduce radio interference and to protect the 
contacts from dust and dirt. 

The answer-back unit is located just to the 
right of the transmitting contact assembly. 
When the answer-back unit is tripped off, 
it controls the transmission of 20 characters 
from the keyboard transmitting contact 
assembly. The first and the last characters 
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transmitted must be the letters combinations, 
but the remaining 18 characters can be 
coded for any desired combinations. The 
coding drum is equipped with 18 replaceable 
code combs which are inserted in slots 
around the periphery of the drum. Fach comb 
has five tines on it, one for each of the five 
code pulses. A comb is coded for any desired 
character by breaking off tines corresponding 
to marking pulses. The coding drum can be 
removed from the answer-back unit quickly 
and easily by depressing a latch and sliding 
the drum off its shaft. This permits the coded 
answer-back drum to be swapped from one 
teleprinter to another in a few seconds. 

At the extreme right side of the keyboard 
base is an hour counter which registers the 
total time in hours that the teleprinter motor 
has been running. This feature is very help- 
ful in determining when routine maintenance 
should be done on the teleprinter, and most 
European teleprinters are equipped with 
hour counters. 
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‘The platen step mechanism can be set for 
а line spacing of 43, 64, or 85 millimeters. 
‘This is roughly equivalent to 64 and 3 lines 
per inch, respectively. The teleprinter shown 
in Figure 6 is equipped with a bichrome rib- 
bon and a two-color printing mechanism. 
Normally, only messages transmitted from 
the keyboard will be printed in red, but an 
accessory set of parts is available which 
automatically controls the two-color shift 
mechanism when tape is transmitted by the 
tape transmitter attachment, so that all mes- 
sages sent from the teleprinter will print in 
red. 

The Siemens & Halske teleprinters used by 
Western Union are driven by either а 3600- 
rpm a-c synchronous motor or а 3750-rpm 
governed motor. The motors are fully en- 
closed for radio-frequency suppression. The 
teleprinter will operate at any standard speed 
up to and including 100 words per minute. 
Since the transmitting cam sleeve is designed 
for a 7.5-unit code pattern, the actual trans- 
mitting speed at 100 wpm is approximately 
594 operations per minute. In order to achieve 
satisfactory operation at 100 wpm, the mov- 
ing type basket used on the Model 100 Tele- 
printer had to be carefully designed for the 
lightest possible weight consistent with 
rugged construction. The type basket car- 
riage assembly weighs approximately 2 
pounds. It is fed from left to right by a lead 
screw which ensures smooth feeding move- 
ment, The standard type pallets print lower- 
case letters characters, but pallets are a 
able for printing capital letters when 
required. The spacing between characters is 
26 millimeters instead of the 254 mm (10 per 
inch) spacing used on American teleprinters. 

One of the most interesting features of 
the new Siemens teleprinter is the receiv- 
ing selector unit. The selector magnet on 
this assembly is equipped with two arma- 
tures, one for stopping and starting the 
receiving selector shaft and the other for 
sampling the five code pulses. Both arma- 
tures are of the holding type; that is, each 
armature is mechanically moved to the 
marking position by an associated cam. If 
the magnet is energized at this time, the 
armature will be held in the marking 
position magnetically. If the magnet is not 
energized, the armature will be returned 
to its spacing position by an extension 
spring. Greater motion and more force 
are required to start and stop the receiv- 
ing shaft than to sample the position of the 
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selector armature in a teleprinter. Pro- 
viding twin armatures to separate these 
two functions permits less movement and 
force to be used for the selector armature 
and results in greater accuracy in the 
selecting function. This design has re- 
sulted in an unusually good receiving 
margin. The Model 100 Teleprinter has a 
tolerance to signals containing 44-percent 
marking or spacing distortion. The hold- 
ing-type armatures also permit the tele- 
printer to operate on line currents of from 
40 to 60 milliamperes with no appreciable 
loss in receiving margin. (The standard 
line current for make-break signalling in 
Germany is 40 ma and the standard line 
battery is 60 volts.) 

‘The receiving selector is driven by an 
enclosed felt-type friction clutch. The 
design of this clutch permits satisfactory 
operation for 1000 hours without reoiling. 
Lubrication intervals of 1000 hours have 
previously been obtained only by use of 
all-metal clutches. At the same time, the 
clutch retains the advantage of constant 
pickup time inherent in friction clutches. 
‘This also contributes to the wide tolerance 
to signal distortion of the receiver, 


In Europe, there are relatively few large 
private wire switching systems such as 
those designed by Western Union for use 
by private industry and government 
agencies. There this type of traffic is usu- 
ally switched over one or more of the very 
extensive Telex systems. Public message 
traffic in many countries is also handled 
over Telex systems built for this purpose 
and called Gentex (General Telex). Two- 
party lines can be used in Telex systems, 
but use of more than two stations on one 
line is almost unknown in Europe and the 
need for elaborate “stunt boxes” on tele- 
printers, with their associated way-station 
selectors, does not exist. Also, Telex sys- 
tems are normally operated half-duplex 
and there is little demand for elaborate 
ASR sets which will permit simultaneous 
sending, receiving and off-line tape prep- 
aration. This accounts in part for the rela- 
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tive simplicity of design of European 
teleprinters and ASR sets. 

Because of the many languages used in 
Europe most teleprinter manufacturers 
have adopted symbols for use on function 
key tops in order to eliminate the need 
for special key tops with different abbre- 
viations for each language. The symbols 
used for carriage return and line feed are 
the same as those sometimes used on tape 
printing apparatus in this country. The 
figures-shift symbol is the numeral 1 fol- 
lowed by several dots, and the letters- 
shift symbol is the letter A followed by 
several dots. The blank is indicated by a 
small circle with a short horizontal line 
inside it. 

‘The trend towards higher speeds did 
not develop as early in Europe as it did in 
this country, but there are indications that 
speeds of 100 words per minute will soon 
be fairly common in many foreign coun- 
tries. Both the Siemens & Halske Model 
100 and the Creed Model 75 are capable 
of operation at this speed and these two 
teleprinters are the most recently de- 
signed units available in Europe. The 
CCITT has not yet adopted a recom- 
mended standard modulation rate for 100- 
wpm operation, but a CCITT Study 
Group is now considering this problem. 
There appear to be only two logical 
choices. One would be adoption of the 
American standard of 742 bauds. With 
the standard 1.5-unit stop pulse used in 
Europe, this would result in an actual 
speed of 593.8 operations per minute and 
the CCITT standard would be compatible 
with 100-wpm American teleprinters. The 
second choice would be to adopt a 75-baud 


modulation rate. American teleprinters 
with their 142-unit stop pulse could be 
made compatible with this modulation 
rate by increasing the speed of operation 
to 606.2 opm, thereby reducing the unit- 
pulse length from 13.47 to 13.33 millisec- 
onds. A 75-baud code could be operated 
with a 74.2-baud code, but there would be 
a resulting loss of at least 6 percent in the 
operating margin. 

The use of printing telegraph apparatus 
in integrated data processing is becoming 
increasingly important in Europe, just as 
it is in America, and most of the European 
teleprinter manufacturers are developing 
special apparatus and accessories for use 
in IDP. Among the many such accessories 
being developed for teleprinters are h 
zontal and vertical tabulation, form in- 
dexing, and form feed-out. 

The quality of workmanship on all of 
the European teleprinters is quite good 
and those tested by Western Union have 
all performed satisfactorily. 
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Four-Digit Numbering Machine 


‘Tue Fist automatic message numbering 
machines were two-digit machines with a 
numbering capacity from 00 to 99. It was 
soon found that this was inadequate to 
number the messages of one channel for a 
business day, and the capacity was in- 
creased by adding the third digit, giving 
a capacity from 000 to 999. This was suffi- 
cient for most 
telegraph 
channels but 
it was found 
that in some 
private wire 
installationsa 
greater с 
pacity wi 
required, and 
the fourth 
digit was 
therefore 
added. At 
present the 
digits in the 
fourth posi- 
tion consist 
only of the 0 
and 1 so that 
the number- 
ing capacity 
of the ma- 
chine is from 
0000 to 1999. 

If the four-digit machine were to have a 
capacity of 0000 to 9999 it would require 
the addition of another rotary switch which 
would appreciably increase the cost of the 
machine, as well as require the redesigning 
of both the numbering machine and the 
cabinets on which they are used. By the 
addition of a relay with its associated limit- 
ing resistance and a push button for con- 
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trol, one of the standard three-digit ma- 
chines was made into a four-digit machine 
which can be used in place of the former 
with no change in plant wiring. In the 
four-digit machine the call letters switch of 
the numbering machine is wired to pro- 
vide a position for the fourth digit with 
the zero combination 2-3-5 permanently 
connected. To 
change the 
zero combi- 
nation to the 
combination 
for the figure 
1 requires 
only the ad- 
dition of the 
number 1 
pulse. This is 
added by 
means of the 
relay which 
is energized 
when the 
wipers of the 
hundreds ro- 
tary switch 
are being 
self - stepped 
from their 
9th position 
to their 0 
position. 

As the hundreds rotary switch is being 
self-stepped the added relay is energized 
and it locks up and remains locked to send 
the combination 1-2-3-5 for figure 1 as the 
fourth digit. This condition holds until the 
control button is pressed for resetting at 
the close of the business day.—P. L. Myer, 
Project Engineer, Digital and Printing 
Equipment. 
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